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(54) Cement dispersant and cement composition comprising this 



(57) The present invention provides: a cennent dis- 
persant which displays high dispersibility with a small 
addition amount and excellent dispersibility particularly 
even in a high water-reducing ratio area, and a cement 
composition comprising this. The first cement disper- 
sant comprises a copolymer including: constitutional 
unit (1-1 ) derived from unsaturated (poly)ail<ylene glycol 
ether monomer (a1) as represented in general formula 
(1) below; and constitutional unit (11-1 ) derived from un- 
saturated monocarboxylic acid monomer (b1) e« repre- 
sented in general fonnula (2) below, as an essential 
component, wherein constitutional unit (11-1) includes at 
least one structure derived from an acrylic acid (salt), 



groups; and n is an average addition number of 
moles and represents 1 to 300; and 
wherein general formula (2) is: 



R' R* 

i I 
C = C 

I I 
COOM 



(2) 



wherein general formula (1) is: 



XO(R^O)„H 



<1) 



where: R^ R3, and R*each independently represent hy- 
drogen or a methyl group; and M represents hydrogen, 
a monovalent metal, a divalent metal, an ammonium 
group, or an organic amine group. 



where: X represents an alkenyl group having 4 car- 
bon atoms; RiQ represents a mixture of one or 
more of an oxyaikylene group having 2 to 1 8 carbon 
atoms, and an oxyathylene group accounts for not 
less than 90 mol % of the entirety of the oxyaikylene 
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Description 

BACKGROUND OF THE INVENTION 

A. TECHNICAL FIELD 

[0001 ] The present invention relates to a cement dispersant and a cement composition comprising this. 

B. BACKGROUND AHT 

[0002] In the recent concrete Industry, the improvement of durability and strength of concrete structures Is strongly 
desired, and the reduction of the amount of unit water Is an Important object for achieving this. • 
[0003] Until now, the use of various cement dispersants has been proposed in order to reduce the amount of unit 
water . Among the various cement dispereants» polycariaoxyllc add-based cement dispersants are especially preferable 
because they display higher water-reducing capacity than other cement dispersants such as naphthalene-bas»d ones. 
For example, J P-A-8 1320/1 981 proposes copolymers as produced by using polyethylene glycol monoallyl ether and 
a (meth)acrylic acid monomer In a specific ratio. However, the capacity of this cement dispersant Is still Insufficient. In 
addition, JP-A-11805B/1 982, JP-A-283360/199B, and JP-A-1 42905/1 997 propose cement dispersants comprising co- 
polymers as produced by using polyethylene glycol monoallyl ether and a maleic acid-based monomer In a specific 
ratio. However, these cement dispersants are not In a level that can satisfy disperslblllty partlculariy In a high water- 
reducing ratio area because of the problem that the copolymerizablllty Is low between the polyethylene glycol monoallyl 
ether and the maleic acid-based monomer. On the other hand. JP-A-1 94808/1 998 proposes cement dispersants com- 
prising copolymers as produced by using polypropylene glycol polyethylene glycol mono(meth)allyl ether and an un- 
saturated carboxyllc acid monomer. However, because the polypropylene glycol chain having high hydrophobicity ac- 
counts for higher ratio, the dispersants have low dispersibility. a large amount of the dispersant is necessary to obtain 
sufficient disperslblllty. The dispersant having a level that can satisfy the dispersibility partlculariy In a high water- 
reducing ratio area has not been obtained in the existing circumstances. 

[0004] Furthermore, It Is costly to produce these conventional polycarboxyllc acid-base cement dispersants. There- 
fore, there Is a problem that the cost of concrete itself rises. 

SUMMARY OF THE INVENTION 

A. OBJECT OF THE INVENTION 

[0005] Accordingly, an object of the present Invention is to provide: a cement dispersant which displays high dispers- 
lblllty with a small addition amount and excellent disperslblllty particularly even In a high water-reducing ratio area, and 
a cement composition comprising this. 

B. DISCLOSURE OF THE INVENTION 

[0006] The present Inventors diligently studied and, as a result, found that a specific copolymer displays high dis- 
perslblllty with a small addition amount and is useful as a cement dispersant which is inexpensive and excellent in 
capacities. The specific copolymer is obtained by copolymerizing an unsaturated (poly)alkylene glycol ether monomer 
with an unsaturated monocarboxylic acid monomer including a (meth)acrylic acid (salt) as an essential component In 
a specific ratio of the entirety of the comonomers, wherein: the unsaturated (poly)allcylene glycol ether monomer In- 
cludes an oxyethylene group as an oxyalkylane group In a specific amount at least; the oxyalkylene group has an 
average addition number of moles In a specific range; and the number of carbon atoms Included In the temilnal un- 
saturated group Is In a specific range. Then, they completed the present Invention on the basis of these findings. 
[0007] That is to say. a first cement dispersant. according to the present invention, comprises a copolymer including: 
constitutional unit (1-1) derived from unsaturated (poly)alkylene glycol ether monomer (a1) as represented in general 
formula (1) below; and constitutional unit (11-1) derived from unsaturated monocarboxylic acid monomer (b1 ) as rep- 
resented In general fonnula (2) below, as an essential component, wherein constitutional unit (11-1) Includes at least 
one structure derived from an acrylic acid (salt), 
wherein general fomiula (1) is: 



XO{R^O)„H 



(I) 
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whore: X represents an alkenyl group having 4 carbon atoms; R^O represents a mixture of one or mo re of an oxyalkylene 
group having 2 to 1 8 carbon atoms, and an oxyethylene group accounts for not less than 90 mol % of the entirety of 
the oxyalkylene groups; and n is an average addition number of moles and represents 1 to 300; and 
wherein general formuia (2) Is: 



I I 

C = C (2) 

I I 
R^ COOM 

where: R2, R3 and each Independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovalent metal^ a divalent metal, an ammonium group, or an organic amine group. 

[0008] A second cement dispersant, according to the present Invention, comprises a copolymer Including: constitu- 
tional unit (1-1) derived from unsaturated (poly)alkylene glycol ether monomer (a-1 ) as represented in general formuia 
(1) below; and constitutional unit (11-2) derived from unsaturated monocarboxyiic acid monomer (b2] as represented 
In general formula (3) below, as an essential component, and Is characterized In that constitutional unit (I i-2) Includes 
at least one structure derived from a methacryllc acid (salt), and that the miillequlvalent of carboxyi groups in the 
copolymer is not more than 3.30 meq per 1 g of the copolymer when all the carboxyi groups are changed into their 
unneutrallzed form. 

wherein general formula (1) is: 

XO(R^O)„H (I) 

where: X represents an alkenyl group having 4 carbon atoms; R''0 represents a mixture of one or more of an oxyalkylene 
group having 2 to 18 carbon atoms, and an oxyethylene group accounts for not less than 90 moi % of the entirety of 
the oxyalkylene groups; and n Is an average addition number of moles and represents 1 to 300; and 
wherein general fomriuia (3) is: 



I I 

C = C (3) 

I I 
R^ COOM 

where: R^, R^, and R'^ each independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovalent metal, a divalent metal, an ammonium group, or an organic amine group. 

[0009] Athird cement dispersant, according to the present Invention, comprises a copolymer including: constitutional 
unit (1-2) derived from unsaturated polyalkyiene glycol ether monomer (a2) as represented in general formula (4) below; 
and constitutional unit (11-1) derived from unsaturated monocarboxyiic acid monomer (b1) as represented in general 
fomnula (2) below, as an essential component, wherein constitutional unit (11-1) accounts for not more than 50 weight 
% of the entirety of the constitutional units, and Includes at least one structure derived from an acrylic acid (salt), 
wherein general formula (4) is: 

Y0(R'0)„H (4) 

where: Y represents an alkenyl group having 2 or 3 carbon atoms; RlO represents a mixture of one or more of an 
oxyalkylene group having 2 to 1 8 carbon atoms, and an oxyethylene group accounts for not less than 90 mol % of the 
entirety of the oxyalkylene groups; and m is an average addition number of moles and represents 40 to 300; and 
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wherein general formula (2) is: 



I I 

C = C (2) 
I I 

fo B} COOM 

where: R2, and R* each Independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovalent metal, a divalent metal, an ammonium group, or an organic amine group. 

[0010] A fourth cement dispsrsant, according to the present invention, comprises a copolymer including: constttu- 
is tlonal unit (1-2) derived from unsaturated polyalkylene glycol ether monomer (a2} as represented In general fomnula 
(4) below; and constitutional unit (11-2) derived from unsaturated monocarboxylic acid monomer (b2) as represented 
In general fomiula (3) below, as an essential component, wherein constitutional unit (11-2) accounts for not more than 
50 weight % of the entirety of the constitutional units, and includes at least one structure derived from a methacrylic 
acid (salt). 

20 wherein general formula (4) Is: 



YO(R^O)„H (4) 

25 where: Y represents an alkenyl group having 2 or 3 cartoon atoms; R^O represents a mixture of one or more of an 
oxyaikylene group having 2 to 1 8 carbon atoms, and an oxyethylene group accounts for not less than 90 mol % of the 
entirety of the oxyallcylene groups; and m Is an average addition number of moles and represents 40 to 300; and 
wherein general formula (3) is: 



30 



35 



R^ 

I I 

C = C (3) 

I I 
r2 COOM 



where: R^, R^, and R'* each independently represent hydrogen or a methyl group; and M represents hydrogen, a 
^0 monovalent metal, a divalent metal, an ammonium group, or an organic amine group. 

[0011] A cement composition, according to the present invention, comprises the cement dispersant according to the 
present Invention, cement, and water as essential components. 

[0012] These and other objects and the advantages of the present invention wilt be more fully apparent from the 
following detailed disclosure. 

43 

DETAILED DESCRIPTION OF THE INVENTION 

[0013] The first cement dispersant, according to the present invention, comprises copolymer (i) including: conatitu- 
tional unit (1-1) derived from unsaturated <poly)all<ylene glycol ether monomer {a1) as represented In the above general 

so formula (1); and constitutional unit (IM) derived from unsaturated monocarboxylic acid monomer (b1) as represented 
In the above general fomriula (2), as an essential component. In addition, the second cement dispersant, according to 
the present Invention, comprises copolymer (li) including: constitutional unit (1-1); and constitutional unit (11-2) derived 
from unsaturated monocerfooxyllc acid monomer (b2} as represented in the above general formula (3), as an essential 
component. In addition, the third cement dispersant, accondlng to the present Invention, comprises copolymer (III} 

S5 including: constitutional unit (1-2) derived from unsaturated polyalkylene glycol ether monomer (a2) as represented In 
the above general fonmula (4); and constitutional unit (11-1), as an essential component. In addition, the fourth cement 
dispersant, according to the present Invention, comprises copolymer <lv) Including constitutional unit (1-2) and constl- 
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tutlonal unit (11-2) as an essential component. Incidentally, copolymers (i) to (Iv) may comprise constitutlonai unit (III) 
derived from monomer (c) below respectively. 

[0014] It is important that the oxyalkylene group (R^O) as represented In the above general formulas (1) and (4) 
Includes the oxyethylene group of at least 90 mol %, preferably not less than 95 mole %. Accordingly, the hydrophillclty- 
5 hydrophoblcity balance is maintained and the excellent disperslbility can be displayed. In case where the oxyethylene 
group accounts for less than 90 mol % of the entirety of the oxyall^tene groups (R^O), the disperslbility cannot suffi- 
ciently be displayed. 

[0015] The number of the carbon atoms of the oxyalkylene group (R^O) as represented in the above generalformulas 
(1) and (4} is fitly In the range of 2 to 1 8, preferably 2 to 8, more preferably 2 to 4. The constitutional units of each R^O 
may be Identical or different. If the oxyalkylene group (RiQ) Includes an oxyethylene group which accounts for not less 
than 90 mol % of the entirety of the oxyalkylene groups, the oxyalkylene group (R'^O) is In a state of mixing an oxy- 
alkylene group other than the oxyethylene group. In this case, examples of the oxyalkylene group other than the ox- 
yethylene group include: an oxypropylene group, an oxybutylene group, and an oxystyrene group, incidentally, when 
R^O is in a state of a mixture of two or more kinds, the constitutional units of each R^O may be In any addition state, 

'J such as block addition, random addition, or alternating addition. 

[0016] it Is important that the average addition number n of moles of the oxyalkylene group In the above general 
formula (1 ) is in the range of 1 to 300, more preferably 1 0 to 300, still more preferably 20 to 300, particularly preferably 
30 to 300, most preferably 40 to 200. In case where this average addition number of moles is less, the hydrophiilclty 
of the copolymer as obtained is lowered and the disperslbility tends to be lowered. On the other hand. In case where 

20 the average addition number of moles Is more than 300, the copolymerlzabillty Is lowered. 

[0017] The number of the carbon atoms of the aikenyi group represented by X in the above general tonnula (1) is 
4. Examples thereof include a methallyi group and a 3-butenyi group, and themathaliyi group Is particularly preferable. 
[0018] Examples of unsaturated (poly) alky lene glycol ether monomer (a1) as represented in the above general for- 
mula (1) Include (poiy)aikylene glycol methallyi ethers, and more particularly, compounds obtained by adding 1 to 300 

25 moles atkylene oxides to unsaturated alcohols having 4 carton atoms such as methallyi alcohol. These can be used 
either alone respecth^eiy or in combinations with each other 

[0019] It is important that the average addition number m of moles of the oxyalkylene group in the above general 
formula (4) Is In the range of 40 to 300. more preferably 50 to 300, still more preferab^r 60 to 300, particularly preferably 
60 to 200. In case where this average addition number of moles is less than 40, the hydrophiilclty of the copolymer as 
30 Obtained Is lowered and the disperslbility cannot sutflclently be displayed. On the other hand, In case where the average 
addition number of moles is more than 300, the copolymerizability is lowered. 

[0020] The number of the carbon atoms of the aikenyi group represented by Y In the above general formula (4) Is 2 
or 3, preferably 3. As to the aikenyi group having 3 carton atoms, an ailyi group Is particularly preferable. 
[0021 ] Examples of unsaturated polyalkylene glycol ether monomer (a2) as represented in the above general formula 
3s (4) include polyalkylene glycol vinyl ethers and polyalkylene glycol ailyi ethers, and more particularly, compounds ob- 
tained by adding 40 to 300 moles alkyiene oxides to unsaturated alcohols such as altyl alcohol. These can be used 
either alone respectively or in combinations with each other 

[0022] The content of constitutional unit (1-1) as derived from unsaturated (pory)alkylene glycol ether monomer (a1) 
In copolymers (1) and (II), or the content of constitutional unit (1-2) as derived from unsaturated polyalkylene glycol ether 

40 monomer (a2) in copolymers (Hi) and (iv) each is preferably not less than 1 weight %, more preferably not less than 
1 0 weight %, still more preferably not less than 20 weight %, particularly preferably not less than 30 weight %, most 
preferably not less than 45 weight %, of the entirety of the constitutional units, in case where the content of constitutional 
unit (1-1) or constitutional unit (1-2) is less than 1 weight %. the dispersibllity to cement tends to be lowered. 
[0023] In addition, the content of constitutional unit (1-1) as derived from unsaturated (poly) alkyiene glycol ether 

45 monomer (a1) In copolymers (I) and (II), or the content of constitutional unit (1-2) as derived from unsaturated poly- 
alkylene glycol ether monomer (a2) in copolymers (III) and (Iv) each Is preferably not more than 50 mol % of the entirety 
of the constitutional units. In particular, the content of constitutional unit (1-1) In copolymers (I) and (II) Is preferably In 
the above range, more preferably In the range of 1 to 50 mol%, still more preferably 2 to 50 mol%, partteularly preferably 
3 to 45 mol %, most preferably 4 to 45 mol %. In case where the content of the constitutional unit (1-1 ) is more than 50 

50 mol %, the disperslbility to cement tends to be lowered. 

[0024] It Is Important that constitutional unit (11-1) In copolymers (1) and (111) includes at least one structure derived 
from an acrylic acid (salt). It is essential that unsaturated monocarboxyllc acid monomer (b1) as represented in the 
above general formula (2) includes acrylic acid or Its salt. The copolymer as obtained can display excellent disperslbility 
with a small amount because of including the structure derived from the acrylic acid or Its salt. 

55 [0025] It is important that constitutional unit (11-2) in copolymers (ii) and (iv) includes at least one structure derived 
from a methacrylic acid (salt), it is essential that unsaturated monocarboxylic acid monomer (b2) as represented in the 
above general fomiula (3) Includes methacrylk: acid or Its salt. The copolymer as obtained can display excellent dis- 
perslbility with a small amount because of including the structure derived from the methacrylic acid or Its salt. 
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[Q026] The occupying ratio o1 the structure derived from the acrylic acid (salt) as essentially included In constitutional 
unit (il-1) of copolymers (I) and (III), or the occupying ratio ot the structure derh^ed from the methacryilc acid (salt) as 
essentially included in constitutional unit (11-2) of copolymers (II) and (Iv) each is preferably not less than 1 weight %, 
more preferably not less than 2 weight %, still more preferably not less than 3 weight %. particularly preferably not less 

5 than 4 weight %, of the entirety of the constitutional units of each copolymer. Incidentally, the upper limit of the occupying 
ratio of the stmcture derived from the acrylic add (salt) or the occupying ratio of the structure derived from the meth- 
acryiic acid (salt) is preferably equal to the upper limit of the content of constitutional unit (li-1) or constitutional unit 
(11-2), as Is mentioned below. Incidentally, examples of the acrylic or methacryilc acid salt Include monovalent metal 
salts, divalent metal salts, ammonium salts, and organic amine salts. 

10 [0027] Examples ot unsaturated monocarboxyllc acid monomer (b1) other than the acrylic add and Its salt In the 
above general formula (2), and unsaturated monocarboxyllc add monomer (b2) other than the methacryilc acid and 
Its salt In the above general formula (3) Include: methacryilc acid (as monomer (b1 )), acrylic acW (as monomer {b2)), 
crotonic add, and their monovalent metal salts, divalent metal salts, ammonium salts, and organic amine salts. These 
can be used either alone respectively or in combinations with each other. Among these, the methacryilc acid (salt) is 

19 particularly preferable as monomer (b1), and the acrylic acid (salt) Is particularly preferable as monomer (b2). The 
mode involving the methacryilc acid (salt) and acrylic add (salt) as unsaturated monocarboxyllc acid monomer (b1) or 
{b2) Is one o1 preferred modes for carrying out the present Invention. 

[0028] It is important that the content of constitutional unit (IM) as derived from unsaturated monocarboxyllc acid 
monomer (bl) in the above copolymer (III), or the content of constitutional unit (11-2) as derived from unsaturated mono- 

20 carboxyllc add monomer (b2) In the above copolymer (Iv) each is not more than 50 weight %, preferably not nrwre than 
40 weight %. more preferably not more than 35 weight %, still more preferably not more than 30 vmlght %, particularly 
preferably not more than 25 weight %, of the entirety of the constitutional units. 

[0029] On the other hand, the content of constitutional unit (11-1) as derived from unsaturated monocarboxyllc acid 
monomer (b1 ) in the above copolymer (I) is also preferably not more than 50 weight %, more preferably not more than 
25 40 weight %. still more preferably not more than 35 weight %. particularly preferably not more than 30 weight %, most 
preferably not more than 25 weight %, of the entirety of the constitutional units. 

[0030] On the other hand, the content of constitutional unit (11-2) as derwed from unsaturated monocarboxylic acid 
monomer (b2) In the above copolymer (II) may be determined so that the mllilequlvalent of carboxyl groups In the 
copolymer would be adjusted in the following range when all the carboxyl groups are converted into their unneutralized 

30 torn. Incidentally, as Is mentioned below, the copolymer (11) may Include, for example, a constitutional unit having a 
carboxyl group as derived from an unsaturated dicEutoxyiic acid monomer, as constitutional unit (III) as derived from 
copolymerlzable monomer (c). Therefore, the mllilequlvalent of carboxyl groups is not always derived from the above 
constitutional unit (11-2), and It is necessary to determine the upper limit of the content of the above constitutional unit 
(11-2) in consideration of this matter. 

35 [0031] In addition, the content of constitutional unit (11-1) as derived from unsaturated monocarboxylic acid monomer 
(b1) or the content of constitutional unit (11-2) as derived from unsaturated monocarboxyllc acid monomer (b2) In the 
above copolymers (i) to (iv) each is preferably not less than 1 weight %. more preferably not less than 2 weight %, still 
more preferably not less than 3 weight %. particularly preferably not less than 4 weight %. of the entirety of the con- 
stitutional units. 

40 [0032] The above copolymers (1) to (iv) may indude constitutional unit (Hi) derived from copolymerlzable monomer 
(c) with monomer (a1 ). (a2), (b1). or (b2), In addition to the above constitutional unit (1-1), (1-2), (11-1 ), or (il-2). Examples 
of monomer (c) include: unsaturated dicarboxylic acid monomers, such as maleic acid, maleic anhydride, fumaric acid, 
itaconic acid, and citraconic acid, and their monovalent metal salts» divalent metal salts, ammonium salts, and organic 
amine salts; hailf esters and diesters of the above-mentioned unsaturated dicarboxylic acid monomers with alcohols 

45 having 1 to 30 carbon atoms; half amides and diamides of the above-mentioned unsaturated dicarboxylic acid mono- 
mers with amines having 1 to 30 carbon atoms; half esters and diesters of the above-mentioned unsaturated dicarbo- 
xylic acid monomers with alkyi (poly)alkylene glycols as obtained by adding 1 to 500 mols of allcylene oxides with 2 to 
1 8 carbon atoms to the above-mentioned alcohols or amines; half estere and diesters of the above-mentioned unsatu- 
rated dicarboxylic acid monomers with glycols having 2 to 18 carbon atoms or with potyalkylena glycols of 2 to 500 in 

50 molar number of addition of the foregoing glycols; esters of unsaturated monocarboxylic acids with alcohols having 1 
to 30 carbon atoms, such as methyl {meth)acrylate, ethyl (meth)acrylate, propyl (meth)acryiate, glycidyi (met h) aery I ate, 
methyl crotonate, ethyl crotonate, and propyl crotonate; esters of unsaturated monocarboxyllc adds such as (meth) 
acrylic acid with alkoxy (poiy)allcylene glycols as obtained by adding 1 to 5O0 mols of alkyiene oxides with 2 to 18 
carbon atoms to alcohols having 1 to 30 carbon atoms; adducts of 1 to 500 mols of alkyiene oxides with 2 to 1 8 carbon 

55 atoms to the unsaturated monocarboxylic acids such as (meth)acryiic add, such as (poly)ethylen6 glycol monometh- 
acrylate, (poly) propylene glycol monomethacrylate and (poly)butyiene glycol monomethacrylate; half amides of 
maleamic acid with glycols having 2 to 1 8 carbon atoms or poly alkyiene glycols of 2 to 500 in molar number of addition 
of the foregoing glycols; (poiy)alkylene glycol dl(meth)acrylates such as triethylene glycol dl(meth)acrylate, (poly)eth- 



6 



EP1 179 517 A2 

yiene glycol di(meth)acrylat8. polypropylene glycol di(meth) aery late, and (poly)ethylen a glycol (poly}propylene glycol 
di(meth)acrylate; multifunctional (meth)acrylates such as hexanedlol dl(meth]acrylate, trlmethylolpropanetr1(meth)acr- 
ylate, and trimethylolpropana dl(meth)acryiate; (poly}alkylene glycol dimaieates such as triethylene glycol dimaleate 
and polyethylene glycol dimaleate; unsaturated sulfonic acids, such as vlnylsulfonate, {meth)allylsulfonate. 2-(meth) 

5 acryloxyethylsulfonate, 3-(meth}acryloxypropytsulfonate, 3-(meth)acrytoxy*2-hydroxypropyIsulfonate, 3-(meth)acry- 
loxy-2-hydroxypropylsulfophenyl ether, 3-(meth)acryloxy-2-hydroxypropyloxysulfobenzoate, 4-(meth)acryloxybutyl- 
sulfonate, (mGth)acrylamidonnethylsultonic acid, (meth)acrylamidoethylsulfonic acid, 2-mGthylpropanesulfonic acid 
(meth}acrylanrilde. and styrenesulTonIc acid, and their monovalent metal salts, divalent metal salts, ammonium salts, 
and organic amine salts; amides of tha unsaturated monocarboxyiic acids with amines having 1 to 30 carbon atoms, 
such as methyl(meth)ac(ylamide; vinyl aromatic compounds such as styrene, a-methylstyrene. vinyttoluene, and p- 
mathylstyrena; alkanediol mono(meth)acrylates such as 1 ,4-butanedlol mono(meth)acfylate, 1 ,5-pentanedlol mono 
{meth)acrylate, and 1 .6-hexanedlol mono(meth)acrylate; dienes such as butadiene, isoprene. 2-methyl-1 ,3-butadlene, 
and 2*chlcro-1,3-butadiene; unsaturated amides such as (meth)acryiamide. (meth)acrvlalKylamide, N-methylol(meth) 
acrylamlde, and N,N-dlmethyl(meth)acrylamidG; unsaturated cyanes such as (meth)acrylonltrlle and a- chloroacrylo- 
nitrlle; unsaturated esters such as vinyl acetate and vinyl propionate; unsaturated amines such as aminoethyl (meth) 
aery late, methylaminoethyl (meth) aery late, dlmethylamlnoethyl (meth)acrylate, dimethyl ami nopropy I (meth) aery late, 
dibutylamlnoelhyl (meth) aery late, and vinyipyrldlne; dlvlnyl aromatic compounds such as divlnylbenzene; cyanurates 
such as triallyl cyanurate; altyl compounds such as (meth}ailyi alcohol and giycidyl (meth)allyl ether; and siloxane 
derivatives such as polydonethylslloxanepropylaminomaleamic acid, polydlmethyisiloxaneamlnopropyleneamlnoma- 

20 leamicacid, polydlmsthy!slloxanebls(propylamlnomaleanilc acid). polydlmethylsl!oxanebls(dlpropyleneamlnomaiaanrv 
Ic acid), polydlmethyislloxane-(1-propyl-3-acrylate), poiydimethylslioxane-(1 -propyl -3 -methacrylate), polydimethylsl- 
loxane-bls-(1 -propyl -3- aery late), and polydlmethylslIoxane-bl3-(1-propyl-3-methacrylate). These may be used either 
alone respectively or In combinations of each other. Particularly, the unsaturated dlcarboxylic acid monomer such as 
maleic acid is preferable as monomer (c) having a carboxyl group other than unsaturated monocaiboxylic acid mon- 

25 omers (b1) and (b2). 

[0033] The content of constitutional unit (III) as derived from copolymerlzabie monomer (c) In the above copolymers 
(I] to (Iv) Is not especially limited If the effects of the present Invention are not damaged. The content thereof Is preferably 
not more than 70 weight %, more preferably not more than 60 weight %, still more preferably not more than 50 weight 
%. particularly preferably not more than 40 weight %, most preferably not more than 30 weight %, of the entirety of the 

30 constitutional units. 

[0034] The ratio between the respective constitutional units composing the above copolymers (i) to (iv) is, for exam- 
ple, preferably In the range of (1 to 99)/(1 to 30)/(0 to 70) (weight %) as constitutional unit (1-1) or {l-2)/constitutIonaI 
unit (11-1) or (ll-2)/constltutlonal unit (III), but such a ratio is more preferably in the range of (10 to 99)/(1 to 30)/(0 to 
60} (weight %)» still more preferably In the range of (20 to 98)/(2 to 30)/(0 to 50) (weight %). particularly preferably in 
35 the range of (30 to 97)/(3 to 30y(0 to 40) (weight %), most preferably In the range of (45 to 96)/(4 to 25)/(0 to 30) 
(weight %), (wherein the entirety of constitutional unit (1-1) or (l-2)» constitutional unit (11-1} or (11-2) and constitutional 
unit (III) is 100 weight %). 

[0035] in the above copolymer (ii), it is important that the milliequivalent of carboxyl groups In the copolymer Is not 
more than 3.30 meq per 1 g ot the copolymer when all the carboxyl groups are converted Into their unneutrallzed form. 
' ^0 The content Is preferably in the range of 0.10 to 3.30 meq/g, more preferably 0.15 to 3.00 meq/g, still more preferably 
0.20 to 2.50 meq/g. particularly preferably 0.30 to 2.50 meq/g. In ease where this milliequivalent of carboxyl groups is 
more than 3.3 meq/g, the fluidity Is lowered with the passage of time when producing its cement composition. On the 
other hand, in case where the milliequivalent of carboxyl groups is too small, the disparsibility of the copolymer Is 
extremely lowered, and the fluidity is not obtained sufficiently as a cement composition. 

45 [0036] On the other hand, even In the above copolymers (1), (III) and (iv), the milliequivalent of carboxyl groups In 
the copolymer Is preferably not more than 3.30 meq per 1 g of the copolymer when all the carboxyl groups are converted 
Into their unneutrallzed fonn. The milliequivalent Is more preferably In the range of 0.10 to 3.30 meq/g, still more 
preferably 0.15 to 3.00 meq/g, particularly preferably 0.20 to 2.50 maq/g, most preferably 0.30 to 2.50 meq/g. 
[0037] Incidentally, when all the cart)oxyl groups in the above copolymer each are converted into their unneutrallzed 

50 form, the milliequivalent of carboxyl groups can be calculated in the tollowing way. For example, when using methacrylic 
acid as monomer (b2) in copolymer (II) and canying out a copolymerization with the weight ratio of 90/1 0 (weight %) 
as monomer (a1}/monomer (b2), the milliequivalent of carboxyl groups per 1 g of the copolymer Is calculated below 
because the molecular weight of methacrylic acid Is 86. 

55 

(0.1/86) X 1000 = 1.16 (meq/g) (Calculation Example 1) 

In addition, for example, when using sodium methacrylata as monomer (b2} In copolymer (11) and carrying out a copo- 
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lymeiization with the weight ratio of 90/1 0 (weight %) as monomer (aiymonomer (b2). the mllliequivalent of cartx)xyl 
groups per 1 g of the copolymer Is calculated below because the molecular weights of sodium methacrylate and meth- 
acrylic acid is 108 and 86 respectively. 

(0.1/1O8)/(0.9+O.l X 86/108) X 1 000 = 0.95 (meq/g) (Calculation Example 2) 

Incidentally, when using methacrylic acid at the polymerization and neutralizing cart>oxylic groups derived from the 
methacryllc acid with sodium hydroxide after the polymerization, the mllliequivalent of carboxyl group can be calculated 
In the same way as of Calculation Example 2. In addition, for example, when using sodium methacrylate and sodium 
acrylate as monomer (b2) In copolymer (11) and carrying out a copolymerization with the weight ratio of 90/5/S (weight 
%) as monomer (a1)/sodlum methacrylate/sodlum acrylate, the mllliequivalent of carboxyl groups per 1 g of the copol- 
ymer is calculated below because the molecular weights of methacrylic acid, acrylic acid, sodium methacryllc acid, 
and sodium acrylic acid are 88, 1 08, 72, and 94 respectively. 

(0.05/1 08-«-0.05/94)/(0.94.0.05 X 86/10&4-0.05 X 72/94) x 1 000»1 .02 (meq/g) 
(Calculation Example 3) 

[0038] The weight-average molecular weight of the above copolymers (1) to (iv) Is fitly in the range of 10,000 to 
300,000 in terms of polyethylene glycol by gel permeation chromatography (hereinafter, referred as "GPC"), preferably 
10,000 to 100»000, more preferably 10,000 to 80,000, still more preferably 10,000 to 70,000. The dispersant which 
displays higher dispersibllity can be obtained by selecting the above range of the weight-average molecular weight. 
[0039] The above copolymers (Q to (iv) which are essential components for the cement dispersant according to the 
present invention, for example, can easily be obtained by copolymerizing the comonomers Including the above (poly) 
alkylene glycol ether monomer (a1) or (a2). the above unsaturated monocarboxylic acid monomer (b1) or (b2), and 
the above monomer (c) if necessary, in the presence of a polymerization initiator, but its production process is not 
especially limited to this. For example, copolymers (i) to (iv) can also be obtained by a process of: copolymerizing a 
monomer belore adding an alkylene oxide instead of monomer (a1) or (a2} (namely, an unsaturated alcohol such as 
allyl alcohol), and monomer (b1) or (b2) in the presence of a polymerization initiator (if necessary, other copolymerizabie 
monomer (c) may be further copolymerlzed with these monomers.); and thereafter, reacting with an alkylene oxide. 
[0040] The ratra between the respective comonomers as used for producing the copolymer is, for example, fitly in 
the range of (1 to 99)/(1 to 30)/(0 to 70) (weight %) as monomer (a1) or <a2)/monomer (b1) or (b2)/monomer (c), 
preferably in the range of (10 to 99)/(1 to 30)/(0 to 60) (weight %), more preferably in the range of (20 to 98)/(2 to 30) 
/(O to SO) (weight %), particulariy preferably In the range of (30 to 97)/(3 to 30)/(0 to 40) (weight %), most preferably In 
the range of (45 to 96)/{4 to 25)/(0 to 30) (weight %), (wherein the entirety of monomer (a1) or (a2), monomer (b1 ) or 
(b2), and monomer (c) is 100 weight %). 

[0041 ] The copolymerization for obtaining the above copolymers (i) to (iv) can be earned out by conventional methods 
such as solution polymerization or bulk polymerization. The solution polymerization can be carried out in a batchwise 
or continuous manner. Examples of a solvent as used in such a case include water, alcohols such as methyl alcohol, 
ethyl alcohol, and isopropyl alcohol; aromatic or aliphatic hydrocarbons such as benzene, toluene, xylene, cyclohexane, 
and n-hexane; ester compounds, such as ethyl acetate; ketone compounds such as acetone and methyl ethyl ketone;' 
and cyclic ethers such as tetrahydroturan and dioxane. However, it Is preferable to use at least one kind selected from 
the group consisting of water and lower alcohols having 1 to 4 cari^on atoms because of the solubility of the raw 
monomers and the copolymer as obtained. Among these, water is more preferable because the solvent-removing 
process can be omitted. 

[Q042] When carrying out an aqueous polymerization, an aqueous polymerization initiatorcan be used as the radical 
polymerization Initiator. Examples thereof Include: persulfate salts such as ammonium persulfate, sodium persulfate 
and potassium persulfate; hydrogen peroxide; aqueous azo Initiators such as azo amidlne compounds (for example, 
2,2'-azobis-2-methylpropionamidine hydrochloride), cyclic azo amidine compounds (for example, 2.2'-azobis-2-(2-imi- 
dazoIin-2-yl)propane hydrochloride), and azonitriles (for example, 2-carbamoyl azoisobutyronitrile). In this case, pro- 
moters can be used jointly, and examples thereof include: alkali metal hydrogensulfites such as sodium hydrogensulfite, 
sodium metabisulfite, sodium hypophosphite, Fe (II) salts such as Mohr's salts, sodium hydroxymethanesuifite dihy- 
drate. hydroxylamine hydrochloride, thiourea, L-ascorbic acid (salt), and isoascorbic acid (salt). Among these, the 
combination of hydrogen peroxide and the promoters such as L-ascorbIc add (salt) Is preferable. 
[0043] In addition, when carrying out the solution polymerization in solvents such as aromatic or aliphatk: hydrocar- 
bons, ester com pounds and ketone compounds, radical polymerization initiators such as peroxides (for example, ben- 
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zoyi peroxide, lauroyi peroxide and sodium peroxide), hydroperoxides (for exampie. t-butyl hydroperoxide andcumene 
hydroperoxide), and azo compounds (for exampie, azoblsisobutyronltrlle). In this case, promoters such as amine com- 
pounds can be used jointly. In addition, when using a solvent mixture of waterand lower alcohol, a radical polymerization 
initiator (and a promoter) can be selected suitably among the above various radical polymerization initiators and com- 
5 binatlons of the radical polymerization initiators and the promoters, and used. 

[0044] The bullc polymerization can be carried out by use of radical polymerization Initiators such as peroxides (for 
example, benzoyl peroxide, lauroyi peroxide and sodium peroxide), hydroperoxides (for example, t-butyl hydroperoxide 
and cumene hydroperoxide), and azo compounds (for example, azoblsisobutyronltrlle). 

[0045] When the copoiymerizatlon is carried out, the reaction temperature is not especially limited. IHowever, whan 
fo the persuirate salt Is used as an initiator, the reaction temperature Is, for example, fitly In the range of 40 to 90 ''C, 
preferably 42 to SB ""C, more preferably 45 to 80 ''C. In addition, when the combination of hydrogen peroxide and L- 
ascorbic acid (salt) as a promoter is used as an Initiator, the reaction temperature is, for example, fitly in the range of 
30 to 90 "C, preferably 35 to 85 °C, more preferably 40 to 80 °C. 

[Q046] When the copoiymerizatlon Is carried out, the polymerization time is not especially limited. The polymerization 
time Is, for example, fitly In the range of 0.5 to 10 hours, preferably 0.5 to 8 hours, more preferably 1 to 6 hours, in 
case where the polymerization time Is longer or shorter than this range, there are disadvantages in that the polymer- 
ization ratio or the productivity is lowered. 

[0047] When the copoiymerizatlon is carried out, the amount of the entirety of the conionomers as used is in the 
range of 30 to 90 weight %. preferably 40 to 93 weight %. more preferably 50 to 90 weight %, particularly preferably 
20 60 to 90 weight %, of the entirety of raw materials including other raw materials, in case where the amount of the 
entirety of the comonomers as used Is less than this range in particular, there are disadvantages In that the polymer- 
ization ratio or the productivity Is lowered. 

[0048] An addition method for the monomer each is not especially limited. The following methods may be employed: 
a method which comprises adding the entirety of the monomers into the reactor initlaily and collectively, a method 

25 which comprises adding the entirety of the monomers into the reactor divisionally or continuously, or a method which 
comprises adding a portion of the monomers Into the reactor Initlaily and adding the remaining portion thereof Into the 
reactor divisionally or continuously, incidentally, the radical polymerization Initiator may be initially added to the reactor, 
or added dropwise tothe reactor, in addition the combination of these may be carried out In accordance with purposes. 
[0049] When the copoiymerizatlon Is carried out, chain-transfer agents can be used In order to adjust the molecular 

30 weight of the copolymer as obtained. Especially, the chain-transfer agents are effectively used when using acrylic acid 
as the above unsaturated monocarboxylic acid monomer (b1) or (b2), and the chain-transfer agents are particularly 
effectively used when using the above unsaturated (poly)al)cylene glycol ether monomer (a1 ) and using acrylic acid as 
the above unsaturated monocarboxylic acid monomer (b1) or (b2). Examples of the chain-transfer agents Include thiol 
chain-transfer agents such as mercaptoethanol, thiogiycerol, thioglycollc acid, 2-mercaptoprop Ionic acid, 3-mercapto- 

35 propionic acid, thiomalic acid, octyl thioglycolate, octyl 3-mercaptopropionate and 2-mercaptoathanesulfonIc acid. Two 
or more kinds of the chain-transfer agents can also be jointly used. In addition, It Is effective to use a high chain- 
transferable monomer such as (m6th)allyl sulfonic acid (salts) as monomer (c) in order to adjust the molecular weight 
of the copolymer. 

[0050] It Is Important to continue the copoiymerizatlon reaction stably In order to obtain a copolymer having a pre- 
40 determined molecular weight reproducibly. Therefore, when the solution polymerization la carried out, the concentration 
of dissolved oxygen In the solvent as used at 25 ""C Is preferably adjusted to not more than 5 ppm, more preferably in 
the range of 0.01 to 4 ppm, still more preferably 0.01 to 2 ppm, most preferably 0.01 to 1 ppm. Incidentally, when the 
replacement of nitrogen Is carried out after adding a monomer to a solvent, the concentration of dissolved oxygen in 
the system including the monomer may be adjusted to the above range. 
43 [0051] incidentally, the adjustment of the concentration of the dissolved oxygen in the soh/ent may be carried out In 
the polymerization reactor, or a solvent of which dissolved oxygen amount Is adjusted beforehand may be used. Ex- 
amples of a method for removing oxygen In a solvent include the following methods (1 ) to (5): 

(1 ) After packing an inert gas such as nitrogen into a sealed vessel including a solvent under compressed pressure. 
so the pressure in the sealed vessel is lowered to lower the partial pressure of oxygen In the solvent. The pressure 

in the sealed vessel may be lowered in a stream of nitrogen. 

(2) While the gas phase of a vessel Including a soh/ent Is replaced with an inert gas such as nitrogen, a liquid 
phase is vigorously stin-ed for a long time. 

(3) An Inert gas such as nitrogen bubbles in a solvent which Is placed In a vessel for a long time. 
SS (4) After a solvent is once boiled, it is cooled under an atmosphere of nitrogen. 

(5) A static mixer is placed on the way of piping, and an inert gas such as nitrogen is mixed with a solvent in the 
piping for transporting the solvent to a polymerization reactor. 
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[0052 J Copolymers (i) to (Iv) as obtained in the above way may directly be used as a major component of the cement 
dlspersant, even as they are. However, ttieir pH Is preferably adjusted to not lower than 5 In consideration of handling. 
The polymerization may be carried out in a pH of not lower than 5. However, the polymerization ratio is lowered. At 
the same time, the copotymerlzablllty Is deteriorated and the performance as a cement dlspersant Is lowered. Therefore, 
It is preferable that the copolymerization reaction is carried out In a pH of lower than 5, and the pH is adjust to not lower 
than 5 after the copolymerization. The adjustment of the pH can be carried out by using alkaline substances, such as 
inorganic salts (for example, hydroxides and carbonates of monovalent or divalent metals); ammonia; and organic 
amines. In addition, the concentration can be adjusted after completing the reaction if necessary. The above copolymers 
(i) to (iv) may be used alone in the fomi of an aqueous solution as a major component of the cement dlspersant, or 
may be powdered and used by neutralizing the copolymer with hydroxides of a divalent metal such as calcium and 
magnesium to produce a multivalent metal salt thereof and drying thereafter^ or by fixing the copolymer on inorganic 
powder such as silica fine powder and then drying. 

[0053] The cement dlspersant, according to the present invention, essentially comprises any one of the above co- 
polymers (I) to (Iv). The content of these copolymers (I) to (iv) is not especially limited in the cement dlspersant according 
to the present invention. However, the content is preferably not less than 20 weight %, nrK>re preferably not less than 
40 weight %, of the solid content, namely nonvolatile content in the dlspersant. 

[0054] The cement dlspersant according to the present Invention comprises a polyalkyiene glycol preferably in the 
range of 1 to 50 weight %, more preferably 2 to 50 weight %, still more preferably 2 to 40 welght%, particulariy preferably 
3 to 30 weight %. of the copolymer, in addition to the above copolymers (i) to (Iv). When the cement dlspersant further 
comprises the polyailcylene glycol, the dlspersant can Improve workability of mortar or concrete furthemriore. in case 
where the content of the polyalkyiene glycol Is less than 1 weight %, the effects of improvin'g workability of mortar or 
concrete are not enough. On the other hand, in case where the content is more than 50 weight %, there are disadvan- 
tages in that the dispersibllity to cement Is lowered. 

[0055] As to the above polyalkyiene glycol, its oxyaikylene group has fitly 2 to 1 8 carbon atoms, preferably 2 to 8 
carbon atoms, more preferably 2 to 4 carbon atoms. Furthennore. it is necessary that the polyalkyiene glycol be water- 
soluble. Therefore, a high hydrophiiic oxyaikylene group having 2 carbon atoms, namely, an oxyethylene group is 
preferably Included essentially at least, and the oxyethylene group of not less than 90 mol % is more preferably included, 
inaddtdon, the repeating unit of the oxyaikylene group may be Identical ordifferent Ifthe oxyaikylene group Is a mixture 
of two or more thereof, the repeating unit may be in any addition state, such as block addition, random addition, or 
alternating addition. In addition, the terminal group of the polyalkyiene glycol is fitly a hydrogen atom, an alkyi group 
or an (alkyl)phenyl group having 1 to 30 carbon atoms, and it is preferably a hydrogen atom, in addition, the average 
molecular weight of the polyalkyiene glycol Is preferably in the range of 500 to 200,000. more preferably 1 .000 to 
1 00,000, still more preferably 2,000 to 50,000. 

[0056] Examples of the polyalkyiene glycol include: polyethylene glycol, polypropylene glycol, polyethylene polypro- 
pylene glycol, and polyethylene potybutylsne glycol. It is necessary that the polyalkyiene glycol be water-soluble. There- 
fore, the polyethylene glycol or polyethylene polypropylene glycol Including a high hydrophiiic oxyethylene group as 
an essential component is preferable, and the polyethylene glycol is the most preferable. 

[0057] For examples, the cement dlspersant further comprising the above polyalkyiene glycol can easily be obtained 
by using comonomers Including unsaturated (poly)alkylene glycol ether monomer (a1) or (a2) which Includes a poly- 
alkyiene glycol as an Impurity. The above unsaturated (poly)alkylene glycol ether monomer (a1 ) or (a2) can be obtained 
by adding an alkylene oxide to an unsaturated alcohol such as ailyl akx^hol, methaliyi alcohol, and 3-buten-1 -ol. When 
this addition reaction Is carried out and the reaction system includes a compound having active hydrogen, such as a 
saturated alcohol other than the above unsaturated alcohol (for example, methanol and ethanol), and water, a poly- 
alkyiene glycol may be side-produced in addition to the atmad unsaturated (poiy)aikylene glycol ether monomer. The 
slnpliflcatlon of purifying process can be carried out by not removing this side-produced polyalkyiene glycol and using 
a product obtained by the addition reaction as It is, as a raw material. At the same time, the cement dlspersant as 
obtained comprises the copolymer and the polyalkyiene glycol, and can further Improve workability of mortar or concrete 
before hardening. 

[0058] The content of the polyalkyiene glycol contained as the impurity is fitly O.S to 50 weight %, preferably 1 to 40 
weight %, more preferably 2 to 30 weight %, still more preferably 3 to 20 weight %, of the unsaturated (poly)alkyiene 
glycol ether monomer, in case where the content of the polyalkyiene glycol is more than 50 weight %, there are dis- 
advantages In that the concentration of the monomers are lowered and the polymerization ratio tends to be lowered 
when carrying out the polymerization. 

[0059] The cement dlspersant, according to the present invention, comprises the above unsaturated (poly)alkyiene 
glycol ether monomer (a1) or {a2) preferably In the range of 1 to 100 weight %, more preferably 2 to 100 weight %, 
still more preferably 3 to 90 weight %, particularly preferably 5 to 80 weight %, of the copolymer, other than the above 
copolymers (I) to (iv). The dlspersant can further Improve workability of mortar or concrete because of further comprising 
unsaturated (poly)alkylene glycol ether monomer (al ) or (a2). In case where the content of unsaturated (poly)alkylene 
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glycol ether monomer (a1) or (a2) Is less than 1 weight %, the effects ot Improving workability of mortar or concrete 
are not enough. On the other hand, In case where the content Is more than 1 00 weight %, there are disadvantages in 
that the disperslblllty to cement Is lowered. 

[0060] The cement dispersant further comprising the above unsaturated (poly)atkyiene glycol ether monomer (a1) 
5 or (a2) can easily be obtained by stopping the polymerization reaction at the time when the amount of unreacted 
unsaturated (poly)all(y!ene glycol ether monomer (a1) or (a2) is 1 to 100 weight % of the produced copolymer when 
the copoiymerization is carried out to obtain the above copolymer (i) to (iv). Accordingly, the resultant product comprises 
unsaturated (poiy)aiI<ylene glycol ether monomer (al) or (a2) in addition to the copolymer, and can display excellent 
dispersiblllty. The time when the polymerization reaction is stopped may be the time when the residual amount of 
10 unsaturated (poiy)aikylene glycol ether monomer (al) or (a2) Is preferably in the range of 2 to 80 weight %. more 
preferably 3 to 70 weight %, still more preferably 5 to 60 weight of the copolymer. In case where the polymerization 
reaction Is stopped at the time when the residual amount of unsaturated (poly)alkyiene glycol ether monomer (a1 ) or 
(a2) is less than 1 weight % of the copolymer, the effects of improving worlcabiiity of mortar or concrete are not enough . 
On the other hand, in case where the polymerization reaction is stopped at the time when the residual amount is more 
19 than 100 weight %, there are disadvantages In that the disperslblltty to cement Is lowered. 

[0061] The most preferred mode of the cement dispersant according to the present Invention Is to comprise the 
above polyaikylene glycol and the above unsaturated (poly)aikyiene glycol ether monomer (al) or (a2) together in the 
above ratio. The dispersant is extremely excellent In workability of mortar or concrete because of comprising both these 
components. 

so [0062] The cement dispersant, according to the present Invention, can be used for various hydraulic materials, name- 
ly, cement, or hydraulic materials other than cement, such as gypsum. Then, examples of the hydraulic composition 
comprising the hydraulic material, water and the cement dispersant according to the present Invention, and if necessary, 
further comprising fine aggregates (for example, sands) or coarse aggregates (for example, crushed stones) Include 
cement paste, mortar, concrete and plaster. 

25 [0063] Among the above exemplified hydraulic compositions, a cement composition comprising cement as a hydrau- 
lic material Is the most general. Such the cement composition, according to the present Invention, comprises: the 
cement dispersant according to the present Invention, cement, and water as essential components. 
[0064] The cement as used In the cement composition Is not especially limited. Examples thereof Include portland 
cement (such as standard types, high -early-strength types, uitra-hlgh-early-strength types, moderate heat types, sul- 

30 fate-resistant types and low alkali types thereof); various mixed cement (such as blast furnace cement, silica cement 
and fly ash cement); white portland cement; alumina cement; ultra rapid hardening cement (such as 1 clinker rapid 
hardening cement. 2 clinker rapid hardening cement and magnesium phosphate cement); grout cement; oil-well ce- 
ment; low calorific cement (low-calorific type blast fumace cement, fly ash mixed low-calorific type blastfurnace cement 
and much belite containing cement); ultra-high strength cement; cement type soildiflers; and ecological cement (such 

35 as cement produced from at least one raw material selected from the group consisting of ash from an urban garbage 
furnace and ash from an sewage garbage furnace). In addition, tine powder such as blast fumace slag, fly ash, cinder 
ash, clinker ash, husk ash, silica fume, silica powder and limestone powden or gypsum can be added. In addition, 
refractory aggregates such as silica, clay, zircon, high alumina, silicon carbide, carbon, chromate. chrome magneslte 
and magnesia, can be used as the aggregates, other than gravel, cracked stones, water-granulated slag and recycled 

40 aggregates. 

[0065] In the cement composition according to the present Invention, there Is no especial limitation with regard to 
the unit water amount and the amount of cement as used per 1 m^, and the ratio of water/cement. The unit water 
amount of 100 to 1B5 kg/m^, preferably 120 to 175 kg/m^. and the amount of cement as used of 250 to 800 kg/m^, 
preferably 270 to 800 kgAn^, and the ratio of water/cement (weight ratio) of 0.1 to 0.7, preferably 0.2 to 0.65 are 
49 recommended. The above amount and ratio can be applied to broad range such as a little to much combination, and 
Is effective to both high strength concrete having much unit cement amount and a little combining concrete having the 
unit cement amount of 300 kg/m^ or less. 

[0066] In the cement composition according to the present Invention, the ratio of the cement dispersant according 
to the present invention is not especially limited, but when the cement dispersant is used for mortar or concrete con- 

90 taining hydraulic cement, the cement dispersant may be added in an amount that adjusts the ratio of 0.01 to 1 0 weight 
preferably 0.02 to 5 weight %, more preferably 0.05 to 3 weight %, of the weight of the cement. Prefen'ed various 
effects such as reducing the unit water amount. Increasing strength and Improving durability can be caused by adding 
the cement dispersant. in case where the ratio is less than 0.01 weight %, it is not sufficient to the perfonnance. On 
the other hand, even if the cement dispersant is used much with the ratio of more than 10 weight %, the effects sub- 

55 stantially reaches the uppermost limit and it is disadvantageous in view of economy 

[0067] In addition, the cement composition, according to the present invention, is effective to concrete for secondary 
concrete product, centrifugal molded concrete, vibrational tightened concrete, steam cured concrete and spraying 
concrete. Furthermore, the cement composition is also effective to mortar and concrete necessary to have high fluMIty, 
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such as high flowing concrete, self-filling concrete and seif-leveiing agents. 

[0068] The cement composition, according to the present Invention, may comprise a conventional cement dlspersant. 
The conventional cement dlspersant that can be used, Is not especially limited, but examples thereof include various 
sulfonic acid dispersants having a sulfonic acid group In the molecules and various polycarboxylic add dispersants 
having a potyoxyalkylene chain and a carboxylb acid group in the molecules. Examples of the various sulfonic acid 
dispersants include: llgnlnsulfonic acid salts; polyol derivatives; naphthalenesulfonic acid-formalin condensation prod- 
ucts: meiaminesuifonic add-fonnalln condensation products; polystyranesulfonic acid salts; and aminosulfonic com- 
pounds, such as amlnoarylsulfonlc acld-phenol-tormaldehyde condensation products. In addition, examples of the 
various polycarboxylic add dispersants Include: a copolymer obtained by copolymerizlng comonomers including a 
polyalkylene glycol mo no(meth) acrylic acid ester monomer having a polyoxyalkylene chain obtained by adding an 
allcylene oxide with 2 to 1 8 carbon atoms with the average addition number of moles of 2 to 300, and a (meth)acryllc 
acid monomer as essential components; a copolymer obtained by copolymerizlng comonomers' Indudlng three kinds 
of mononners consisting of a polyalkylene glycol mono(meth)acrylic add ester monomer having a polyoxyalkylene 
chain obtained by adding an alkylene oxide with 2 to 3 carbon atoms with the average addition number of moles of 2 
to 300, a (meth)acryllc add monomer, and (meth)acryllc acid alkyi ester as essential components; a copolymer obtained 
by copolymerizlng comonomers Including three kinds of monomers consisting of a polyalkylene glycol mono(math) 
acrylic add ester monomer having a polyoxyalkylene chain obtained by adding an alkylene oxide with 2 to 3 carbon 
atoms with the average addition number ot moles of 2 to 300, a (mBth)acrylic acid monomer, and (meth)aliylsulfonic 
acid (salts thereot) (or, either vinyls u if onic add (salts thereof) or p-(meth)aiiyioxybenzenesultonic add (salts thereof)) 
as essential components; a grafted copolymer obtained by copolymerizlng comonomers Including three kinds of mon- 
omers consisting of a polyalkylene glycol mono(meth)acryllc acid ester monomer having a potyoxyalkylene chain ob- 
tained by adding ethylene oxide with the average addition number of moles of 2 to 50, a (meth)acrylic acid monomer, 
and (meth)ailylsulfonlcacW as essential component to obtain a copolymer, and further graft polymerizing the copolymer 
with (meth)acrylamlde and/or 2-(meth)acrylamido-2-methylpropanesulfonic add; a copolymer obtained by copolymer- 
izlng comonomers including four kinds of monomers consisting of a polyethylene glycol mono(meth)acrylic acid ester 
monomer having a polyoxyalkylene chain obtained by adding ethylene oxide with the average addition number of moles 
of 5 to 50, a polyethylene glycol mono(meth)allyl ether monomer having a polyoxyalkylene chain obtained by adding 
ethylene oxide with the average addition number of moles of 1 to 30, a (meth)acfyllc add monomer, and (meth)allyl- 
suifonlc acid (salts thereof) (or p-(meth)ailyloxybenzenesulfonic acid (salts thereoO) as essential components; a co- 
polymer obtained by copolymerizlng comonomers Including a polyalkylene glycol mono(meth)allyl ether monomer hav- 
ing a polyoxyalkylene chain obtained by adding an alkylene oxide with 2 to 1 8 carbon atoms with the average addition 
number of moles of 2 to 300. and a maleic acid monomer as essential components; a copolymer obtained by copoly- 
merizlng comonomers Including a polyali<ylene glycol mono(meth)ailyl ether monomer having a polyoxyalkylene chain 
obtained by adding an alkylene oxide with 2 to 4 carbon atoms with the average addition number of moles of 2 to 300, 
and a polyalkylene glycol maleic acid ester monomer as essential components; and a copolymer obtained by copoly- 
merizlng comonomers Including a polyalkylene glycol 3-methyl-3-butenyl ether monomer having a polyoxyalkylene 
chain obtained by adding an alkylene oxide with 2 to 4> carbon atoms with the average addition number of moles of 2 
to 30O. and a maleic acid monomer as essential components. These conventional cement dispersants can be Jointly 
used In plural. 

[0069] Inddentaily, when the above conventional cement dlspersant is Jointly used, the mixing ratio by weight of the 
present Invention dlspersant to the conventional cement dlspersant is In the range o1 (5 to 95) : (95 to 5), preferably 
(10 to 90) : (90 to 1 0), though not uniformly determinable, because of depending on differences In factors such as kind 
of the conventkjnal cement dlspersant as used, composition, and test conditions. 

[0070] Furthermore, the cement composition according to the present invention can comprise other conventional 
cement additives (materials to add to cement) (1) to (20) as exemplified below: 

(1) water-soluble high-molecular substances, for example: unsaturated carboxylic acid polymers such as poly 
(aciylte acW) (or Its sodium salt)» poly{methacryllc add) (or its sodium salt), poly(malelc acid) (or Its sodium salt), 
and sodium salts of acrylic acid-malsic acid copolymers; nonionic cellulose ethers such as methyl cellulose, ethyl 
cellulose, hydroxymethyl cellulose, hydroxyethyl cellulose, cartjoxymethyl cellulose, cartooxyethyl cellulose, and 
hydroxypropyl cellulose; polysacdiaride derivatives, of which a portion or the entirety of hydrogen atoms of alkylat- 
ed or hydroxy alkylated polysaccharides such as methyl cellulose, ethyl cellulose, and hydroxypropyl cellulose Is 
replaced with a hydrophobic substituent having a hydrocartson chain with 8 to 40 carbon atoms as apartial structure 
and an Ionic hydrophlllc substituent indudlng a sulfonic acid group or a salt thereof as a partial structure; polysac- 
charides produced by microbiological femnentatlon such as yeast glucan, xanthane gum, and ^-1 .3 glucans (which 
may be either a linear or branched chain type and of whrch examples include curdlan. paramylon, pacciman. 
scleroglucan and lamlnaran); polyacrylamlde; polyvinyl alcohol; starch; starch phosphate; sodium alginate; gelatin; 
and acrylic acid copolymers having an amino group In their molecules and their quatemlzed compounds; 
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(2) high-molecular emulsions, for example: copolymers of various vinyl monomers such as alkyi (meth)acrylates; 

(3) retarders. for example: oxycartx)xyllc adds such as gluconic acid, glucoheptonic acid, arabonic acid, malic 
acid or citric acid, and their Inorganic or organic salts of sodium, potassium, calcium, magnesium, ammonium and 
trlethanolamine; saccharides, for example, monosaccharides such as glucose, fructose, galactose, saccharose, 

5 xylose, apiose, ribose, and isomerized saccharides, or oligosaccharides such as disaccharides and trlsaccharides, 

or oligosaccharides such as dextrin, or polysaccharides such as dextran, or moiasses including them; sugar alco- 
hols such as sorbitol; magnesium silicofiuoride; phosphoric acid and its salts or borates; aminocarisoxyiic acids 
and its salts; aikali-soiubie proteins; fumic acid; tannic acid; phenol; poiyhydric alcohols such as glycerol; and 
phosphonic acids and derivatives thereof, such as aminotri(methylenephosphonic acid), 1-hydroxyethylidene- 

10 1 ,1 <||phosphonlc acid. ethylenediamlnetetra(methy1enephosphonlc acid), dlethylenetrlaminepenta(methyl- 

enephosphonic acid), and their alkaline metal salts and alkaline earth metal salts; 

(4) high-early-strength agents and promoters, tor exampie: soluble calcium salts such as calcium chloride, calcium 
nitrite, calcium nitrate, caicium bromide, and calcium iodide; chlorides such as iron chloride and magnesium chio- 
ride; suifates; potassium hydroxide; sodium hydroxide; carbonic acid salts; thiosuifates; formic acid and formates 

19 such as caicium formate; alkanol amines; alumina cement; and calcium alumlnate silicate; 

(5) mineral oil base defoaming agents, for example: kerosine and liquid paraffin; 

(6) olis-and-fats base defoaming agents, for example: animal and plant oils, sesame oll» castor oil and their alkyiene 
oxide ad ducts; 

(7) fatty acid base defoaming agents, for example: oleic acid, stearic acid and their alkyiene oxide adducts; 

20 (8) fatty acid ester base defoaming agents, for example: glycerol monoriclnolate, alkenyi suoclnb acid derh/attves, 
sorbitol monolaurate, sorbitol trioleate, and natural wax; 

(9) oxyalkylene base defoaming agents, for example: polyoxyaikylenes such as (poly)oxyethyiene (poly)oxypro- 
pylene adducts; (poly}oxya!kyl ethers such as diethylone glycol heptyl ether, polyoxyethyiene oieyi ether, polyox- 
ypropyiene butyl ether, polyoxyethyiene polyoxypropyiene 2-6thyihexyi ether, and adducts of oxyethyiene oxypro- 

2S pyiene to higher ateohols with 1 2 to 1 4 carbon atoms; (poly)oxyaikyiene (alkyI) aryl ethers such as polyoxypropyiene 

phenyl ether and polyoxyethyiene nonyl phenyl ether; acetylene ethers as fonned by addition polymerization of 
alkyiene oxides to acetylene alcohols such as 2.4,7,9-tetramethyl^-dacyne-4,7-dioi, 2,5-dimethyl-3-hexyne- 
2,5-dloi, and 3-methyl-1-butyn-3-oi; (poly)oxyaikylene fatty acid esters such as diethylene glycol oleic acid ester, 
diethyiene glycol iauric acid ester, and ethylene glycol distearic acid; (poiy)oxya!kyiene sorbrtan fatty acid esters 

30 such as (poiy)oxyethylene sorbitan monoiauric acid ester and (poly) oxyethyiene soriDitan trioleic acid ester; (poly) 

oxyalkylene alkyI <aryi) ether sulfuric acid ester salts such as sodium polyoxypropyiene methyl ether sulfate, and 
sodium polyoxyethyiene dodecylphenol ethersulfate; (poly)oxyalkylene alkyI phosphoric acid esters such as (poly) 
oxyethyiene stearyl phosphate; (poly}oxyatkylene alkylamlnes such as polyoxyethyiene laurylamlne; and poiyoxy- 
alkyiene amide; 

(1 0) alcohol base defoaming agents, for example: octyl alcohol, hexadecyl alcohol, acetylene alcohol, and glycols; 

(11) amide base defoaming agents, tor example: acrylate polyamlnes; 

(12) phosphoric acid ester base defoaming agents, for example: tributyl phosphate and sodium octyl phosphate; 

(13) metal soap base defoaming agents, for example: aluminum stearate and cabium oleate; 

(14) silicone base defoaming agents, for example: dimethyl silicone oils, silicone pastes, silicone emulsions, or- 
^0 ganlc-denatured poly3ik>xanes (polyorganosiloxanes such as dimethyl polysiioxane), and fluoroslllcone oils; 

(15) AE agents, for example: resin soap, saturated or unsaturated tatty acids, sodium hydroxystearate, iauryl 
sulfate, AB5 (alkylbenzenesulfonic adds), UVS (linear alky lb enzenesuifonic acids), alkanesulfo nates, polyoxyeth- 
yiene alkyl (phenyl) ethers, polyoxyethyiene alkyi (phenyl) ether sulfuric add esters or Its salts, polyoxyethyiene 
alkyI (phenyl) ether phosphoric acid esters or its salts, protein materials, alkenylsutfosucclnic acids, and a-oleftn- 

4* sulfonates; 

(16) other surfactants, for example: polyaikylene oxide derivatives as formed by addition of 10 mol or more of 
alkyiene oxides, such as ethylene oxide and propylene oxide, to aliphatic monohydrte alcohols with 6 to 30 carbon 
atoms In the molecules, such as octadecyl alcohol and stearyl alcohol, or to ailcycilc monohydric alcohols with 6 
to 30 carbon atoms in the molecules, such as abiathyi alcohol, cr to monovalent mercaptans with 6 to 30 carbon 

so atoms In the molecules, such as dodecyl mercaptan, orto alkylphenois with 6 to 30 carbon atoms in the molecules, 
such as nonylphenol, or to amines with 6 to 30 carbon atoms In the molecules, such as dodecylamlne, or to 
carboxylic acids with 6 to 30 carbon atoms In the molecules, such as lauric acid and stearic acid; alkyl diphenyl 
ether sulfonates as formed Isy ether-bonding of two phenyl groups having a sulfonic acid group, which may have 
an alkyl or alkoxy group as a substttuent; various kinds of anionic surfactants; various kinds of caticnic surfactants 

55 such as alkylamine acetate and alkyltrimethylammonlum chloride; various kinds of nonionic surfactants; and var- 

ious kinds of amphoteric surfactants; 

(1 7) waterproofing agents, for example: fatty acids (or their salts), fatty acid esters, oils and fats, silicone, paraffin, 
asphalt, and wax; 
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(18) anticorrosives, for example: nitrous acid salts, phosphoric acid salts, and zinc oxide; 

(19) fissure-reducing agents, for example: polyoxyallcyl ethers; and 

(20) swelling materials, for example: ettrlnglte base and coal base ones. 

[0071] Examples of yet other conventional cement additives (materials to add to cement) include: cement humect- 
ants, thickeners, separation-decreasing agents, fiocculants, dry-shrinkage-dim Inlshing agents, strength-enhancing 
agents, self-levelling agents, anticorrosives, colorants, and moidproofing agents. The above conventtonai cement ad- 
ditives (materials to add to cement) can be Jointly used In plural. 

[0072] In the cement composition according to the present invention, examples of especially preferable embodiments 
as to the components other than the cement and water Include the following 1) to 7): 

1) A combination comprising the following two essential components: (1) the cement dispersant according to the 
present invention and (2) the oxyaikylene base defoaming agent. Incidentally, the mixing weight ratio of (2) the 
oxyalkylene base defoaming agent is preferably in the range of 0.01 to 10 weight % of (1) the cement dispersant. 

2) A combination comprising the following three essential components: (1 ) the cement dispersant according to the 
present invention, (2) the copolymer obtained by copolymerizing comonomers including a polyalkylene glycol mono 
(meth)acryllc add ester monomer having a polyoxyalkylene chain obtained by adding an alkylene oxide with 2 to 
1 8 carbon atoms with the average additton number of moles of 2 to 300 and a (meth)acryllc acid monomer (refer 
to JP-B-1 8330/1 984. JP-A-223852/1 995. and JP-A-241056/1997). and (3) the oxyalkylene base defoaming agent. 
Incidentally, the mixing weight ratio of (1 } the cement dispersant to (2) the copolymer Is preferably In the range of 
(5 to 95):(95 to 5). mors preferably (1 0 to 90):(90 to 1 0). Inddentaliy, the mixing weight ratio of (3) the oxyalkylene 
base defoaming agent Is preferably in the range of 0.01 to 10 weight % of the total of (1] the cement dispersant 
and (2) the copolymer. 

3) A combination comprising the following two essential components: (1) the cement dispersant according to the 
present Invention and (2) the sulfonic acid dispersant having a sulfonic acid group in the molecule. Examples of 
the sulfonic add dispersant Include: llgnlnsulfonic acid salts; naphthalenesulfonic add-formalln condensation prod- 
ucts; melamlnesulfonic acid-formalin condensation products; polystyrenesulfonic acid salts; and aminosulfonic 
compounds, such as aminoarylsulfonic acld-phenol-fonnaldehyde condensation products. Incidentally, the mbclng 
weight ratio of (1) the cement dispersant to (2) the suifonte acKf dispersant is preferably in the range of (5 to 95): 
(95 to 5). more preferably (10 to 90):(90 to 10). 

4) A combination comprising the following two essential components: (1) the cement dispersant according to the 
present Invention and (2) a llgnlnsulfonte acid salt. Incidentally, the mixing weight ratio of (1 ) the cement dispersant 
to (2) the llgnlnsulfonic acid salt Is preferably In the range of (5 to 95):(95 to5), more preferably (1 0 to 90):(90 to 10). 

5) A combination comprising the following two essential components: (1) the cement dispersant according to the 
present invention and (2) a material separation-decreasing agent. Inddentaliy, examples of the material separation- 
decreasing agent that can be used Include: various thickeners such as nonionic cellulose ethers, and a compound 
having a hydrophobic substrtuent having a hydrocarbon chain with 4 to 30 carbon atoms and a polyoxyalkylene 
chain obtained by adding an alkylene oxide with 2 to 18 carbon atoms with the average addition number of moles 
of 2 to 300 as partial stnjctures. Incidentally, the mixing weight ratio of (1 ) the cement dispersantto (2) the material 
separation-decreasing agent is preferably In the range of (1 0 to 99.99):(90 to 0.01), more preferably (50 to 99.9): 
(50 to 0.1). The cement composition according to this combination Is preferable as high flowing concrete, self- 
filling concrete and self-leveling agents, 

6) A combination comprising the following two essential components: (1) the cement dispersant according to the 
present invention and (2) the retarder. Examples of the retarderthat can be used Include: oxycariboxylic acids such 
as gluconic acid (salt thereof) and citric acid (salt thereof), saccharides such as glucose, sugar alcohols such as 
sorisitol, and phosphoric add such as amlnotri{methylenephosphonlc add). Inddentaliy, the mbdng weight ratio of 
(1) the cement dispersant to (2) the retarder Is preferably in the range of (50 to 99.9):(50 to 0.1). more preferably 
(70tod9):(30to1). 

7) A combination comprising the following two essential components: (1) the cement dispersant according to the 
present Inventton and (2) the promoter. Examples of the promoter that can be used Include: soluble calcium salts 
such as calcium chloride, calcium nitrite and calcium nitrate; chlorides such as iron chloride and magnesium chlo- 
ride; thiosulfates; and fomnic acid and formates such as calcium fonmate. Incidentally, the mixing weight ratio of 
(1 } the cement dispersant to (2) the promoter Is preferably in the range of (1 0 to 99.9}:(90 to 0.1 ), more preferabiy 
(20 to 99):(80 to 1). 

(Effects and Advantages of the Inventton): 

[0073] The cement dispersant. according to the present Invention, can display high disperslblllty with a small addition 
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15 



amount and excellent dispersibliity particularly even in a high water-reducing ratio area. 

[0074] In addition, the cement composition comprising the cement dlspersant, according to the present Invention, 
displaye excellent fluidity and can Improve hindrances when carrying out the execution. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0075] Hereinafter, the present invention is more specifically illustrated by the following examples of soma preferred 
embodiments. However, the present Invention Is not limited thereto. Incidentally, in the examples, comparative example, 
and tables, unless otherwise noted, the units "part(s)" and denote those by weight. 

[0076] In the production examples, the production amount of the side-produced polyaikylene glycol when producing 
the unsaturated polyaikylene glycol ether monomer Is measured under the following condition. 

<Measurement condition of production amount of polyaikylene glycol > 

[0077] 



20 



Instrument: LC-10 made by Shimadzu 

Detector: Rl detector (HITACHI 3350 Rl iVIONITOR) 

Eluent: kind: ion-exchanged water 

flow rate: 1 .5 ml/min 

Columns: sort: Shodex GF-310 (4.6 x 300 mm) made by Showa Denko Co., Ltd. 

Temperature: 40 °C 



[0078] The reaction ratio of each monomer and the weight-average molecular weight of the resultant copolymer In 
25 the examples and comparative examples were measured under the following condition. 

<Measurement condition of reaction ratio of each monomsr> 



30 



35 



[0079] 

Instrument: 
Detector: 
Eluent: kind: 

flow rate: 
Columns: sort: 
Temperature: 



Borwin made by Nippon Bunko 

Rl detector (HITACHI 3350 Rl IVIONITOR) 

acetonltrlle/aqueous solution containing phosphoric acid of 0.1 % and ion-exchanged water - 50/50 
(vol %) 
1 .0 ml/min 

O0S-120T+ODS-60TS (4.6 X 250 mm each) made by Tosho Corporation 
40 °C 



<Mea5urement condition of weight-average molecular weight of copoiymer> 



40 



43 



50 



[0080] 

Instrument: 
Detector: 
Eluent: kind: 

flow rate: 
Columns: sort: 

Temperature: 
Calibration curve: 

<ExampIe 1-1> 



Waters LCM1 

Rl detector (Waters 41 0) 

acetonltrile/ aqueous solution containing sodium acetate of 0.05 M and Ion-exchanged water = 
40/60 (vol %), its pH was adjusted to 6.0 by acetic acid. 
0.6 ml/min 

TSK-GEL G4000SWXL + G3000SWXL + G2000SWXL + GUARD COLUMN (7.8 X 300 mm and 
6.0 X 40 mm each) made by Tosho Corporation 
40 "C 

standardized by polyethylene glycols 



S5 [0081] A glass reactor with a thermometer, a stirrer, a dropping funnel, and a reflux condenser was charged with 
50.6 parts of ion-exchanged water and 1 58.6 parts of unsaturated alcohol (produced by an addition reaction of 50 mols 
of ethylene oxide to methallyl alcohol, as an unsaturated polyaikylene glycol ether monomer), and then they were 
heated to 65 ""C. Thereto. 0.8 parts of aqueous hydrogen peroxkle solution of 30 % was added. Then, a mixture of 
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21.4 parts of acrylic acid and 8.6 parts of ion-exchanged water, and a mixture of 0.78 parts of 3-mercaptopropionic 
acid and 29.2 parts ot Ion-exchanged water were separately added to the reactor over a period of 3 hours. At the sanne 
time, a mixture of 0.3 parts of L-ascorbic acid and 29.7 parts of ion-exchanged water was added to the reactor over a 
period of 3.5 hours. Thereafter, the temperature was subsequently kept at 65 'C for 60 minutes to complete a polym- 
5 erization reaction, and the resultant reaction mixture was neutralized with an aqueous sodium hydroxide solution at 
not higher than the polymerization temperature (65 'C), thus obtaining cement dlspersant (1 -1 ) according to the present 
invention comprising an aqueous solution of a polymer with a weight-average molecular weight of 27,800. 

<Examples 1-2and1-3, Examples 3-1 to 3-3, Comparative Examples 1-1 to 1-3, and Comparative Examples 3-1 to3-3> 

[0082] Cement dispersants (1 -2) and (1 -3), and (3-1) to (3-3), and comparative cement dispersants (C1 -1 ) to (CI -3) 
and (CS-I) to (C3-3] according to the present Invention each comprising an aqueous solution of a polymer with a 
weight-average molecular weight listed in Table 1 . were obtained in the same way as of Example 1 -1 except for chang- 
ing: the amount of the ion-exchanged water Initially introduced; the kind and amount of the unsaturated polyalkylene 

15 glycol ether monomer; the amount of the maleic acid; the amount of the aqueous hydrogen peroxide solution of 30 %; 
the amount of the acrylic acid and ion-exchanged water each In the mixture; the amount of the S-mercaptoproplonic 
acid and Ion-exchanged water each in the mixture; the amount of the L-ascorbIc add and Ion-exchanged water each 
In the mixture; and the polymerization reaction temperature (each temperature from adding the aqueous hydrogen 
peroxide solution of 30 % to completing the polymerization reaction) In the way as shown In Table 1 . incidentally, the 

20 maieic acid was Initially introduced together with the unsaturated polyalkylene glycol ether monomer. 
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[0083] Incidentally, the following abbreviations were used in Table 1 . 

M AL-50EO: Unsaturated alcohol produced by an addition reaction of 50 mois of ethylene oxide to methaiiyi alcohol 
3BL-50EO: Unsaturated alcohol produced by an addition reaction of 50 mois of ethylene oxide to 3-buten-1-ol 
AL-50EO: Unsaturated alcohol produced by an addition reaction of 50 mols of ethylene oxide to ailyl alcohol 
AL-75EO: Unsaturated alcohol produced by an addition reaction of 75 mols of ethylene oxide to ally! alcohol 
AL-25EO: Unsaturated alcohol produced by an addition reaction of 25 mols of ethylene oxide to allyl alcohol 

(Measurement of mortar flow value) 

[00841 Mortar was prepared by use of the resultant cement disperaants (1 -1) to (1 -3) and (3-1 ) to (3-3) according to 
the present Invention and comparative cement dispersants (C1-1) to (CI -3) and (C3-1) to (C3-3) In the above way, 
and then the following mortar test was carried out. Incidentally, the temperatures of ail the materials as used in the 
mortar test wore adjusted to 25 •C respectively, and the mortar test was can-led out in an atmosphere of 25*C. The 
materials as used In the test and the combination thereof were shown In either below. 

[0085] (Combination A) First, BOO g of nonnai portland cement (produced by Pacific Cement Co., Ltd,), 400 g of 
Toyoura standand sand, and 205 g of Ion-exchanged water containing each cement dlspereant (the weight ratio of 
water/cement Is 0.256. incidentally, the amount of the dispersant as added each (weight % of solid content of the 
dispersant to cement) was shown In Tables 2 and 3, 

[0086] (Combination B) First, 600 g of nomial portland cement (produced by Pacific Cement Co.. Ltd.), 600 g of 
Toyoura standard sand, and 240 g of Ion-exchanged water containing each cement dispersant (the weight ratio of 
water/cement Is 0.400. Incidentally, the amount of the dispersant as added each (weight % of solid content of the 
dispersant to cement) was shown in Tables 2 and 3. 

[0087] In the first place, only the cement and the sand were mixedforSO seconds at a low speed by use of HOBART- 
type mortar mixer (made by HOBART Corporation, N-50). Then, the ion-exchanged water containing the cement dis- 
persant was added thereto, and the resultant mixture was kneaded for 3 minutes at a middle speed, thus obtaining 

mortar. 

[0066] The resultant mortar was filled Into a hollow cylinder having 55 mm in both diameter and height and placed 
on a horizontal table. Rve minutes passed after the kneading was started, and the cylinder was lifted In perpendicular. 
Then, the long and short diameters (mm) of the mortar as spread on a table were measured, and the average value 
thereof was regarded as the mortar flow value (mm). The results are shown in Tables 2 and 3. 

(Measurement of hardening time) 

[0089] Cement paste was prepared by use of the resultant cement dispersants (3-1 ) to (3-3) according to the present 
Invention and comparative cement dispersants (C3-1) to (C3-3) In the above way, and then the hardening time was 
measured by the following method. Incidentally, the measurement each was carried out in an atmosphere of 25'C by 
use of the materials of which temperatures were adjusted to 25 "C 

[0090] First, cement paste was prepared by kneading 1 ,000 g of nonnai portland cement (produced by Pacific Cement 
Co., Ltd.) and 256 g of Ion-exchanged water containing 3 g of each cement dispersant in tamrjs of solid content (the 
weight ratio of water/cement Is 0.256) for 3 minutes at a middle speed by use of HOBART-type mortar mixer (made 
by HOBAHT Corporation, N-50). 

[0091] The resultant cement paste was Immediately added to a glass bottle In a capacity of 300 ml covered with a 
heat insulator, and a thennometer was fixed In the center of the cement paste to measure temperature changes of the 
cement paste with the passage of time. The necessary time from the beginning of kneading until reaching the highest 
temperature due to heat of hardening was regarded as the hardening time. The results are shown In Table 3. 



Tables 



Cement Dispersant 


Combination 


Amount of cement dispersant as added (%) 


Mortar flow value (mm) 


1-1 


A 


0.20 


163 


1-2 


A 


0.20 


147 


1-3 


B 


0.18 


169 


C1-1 


A 


0.20 


59 


CI -2 


A 


0.20 


70 
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Table 2 (continued) 



10 



13 



20 



25 



30 



35 



40 



45 



50 



55 



Cement Dispersant 


Combination 


Amount of cement dispersant as added (%) 


Mortar flow vaiue (mm) 


C1-3 


B 


0.18 


71 



[0092] From Table 2, it would be understood that the mortar obtained by adding: either comparative cement disper- 
sant (C1-1) wherein an unsaturated polyalkylene glycol ether monomer having an aikenyl group with carbon atoms of 
3 (allyl group) is used; or comparative cement dispersant (01 -2} or (CI -3) wherein an acrylic add (salt) is not Included 
as a monomer component, cannot give a sufficient mortar llow value. However, It would be understood that the mortar 
obtained by adding each cement dispersant according to the present Invention gives a higher mortar flow value. 

Table 3 



Cement Dispersant 


Combination 


Amount of cement 
dispersant as added 
(%) 


Mortar flow value (mm) 


Hardening time (hour) 


3-1 


A 


0.30 


151 


12.1 


3-2 


A 


0.30 


137 


9.8 


3-3 


A 


0.30 


124 


9.3 


C3-1 


A 


D.3Q 


59 


Impossible to measure 


C3-2 


A 


0.30 


80 


12.3 


C3-3 


A 


0.30 


71 


12.6 



[0093] From Table 3, it would be understood that the mortar obtained by adding: either comparative cement disper- 
sant (C3-1) wherein the unsaturated monocarboxylic acid monomer accounts for more than 50 weight % of the entirety 
of the comonomers; comparative cement dispersant (C3-2) wherein the average addition number of moles of the 
oxyalkylene group is 25; or comparative cement dispersant (C3-3) wherein an acrylic acid (salt) is not included as a 
monomer component, cannot gtve a sufficient mortar flow value. However It would be understood that the mortar 
obtained by adding each cement dispersant according to the present invention gives a higher mortar flow value. In 
addition, it would be understood that: the larger the average addition number of moles '», the faster the hardening time 
is, in comparison with cement dispersant (3-1) wherein the average addition number of moles of the oxyalkylene group 
Is 50, and cennent dispersants (3-2) and (3-3) wherein the number is 75 each. 

(Production Example 1) 

[0094] A stainless high-pressure reactor with a thermometer, a stirrer, a dropping funnel, and nitrogen and alkylene 
oxide introducing tubes was charged with 186 parts of methally alcohol (2-mettiyl -2-propen-1 -ol) as an unsaturated 
alcohol, and 3.1 parts of sodium hydroxide as an addition reaction catalyst, and the atmosphere of the reactor was 
replaced with nitrogen while being stirred, and then the resultant mixture was heated to 150 *'C in an atmosphere of 
nitrogen. Then, 6,310 parts of ethylene oxide was introduced to the reactor while the temperature was maintained at 
150 'C under safe pressure, and the temperature was maintained until the completion of the addition reaction of the 
alkylene oxide. Then, the reaction was completed. The resultant reaction product (hereinafter, referred as M-1) includ- 
ed: an unsaturated polyalkylene glycol ether monomer (hereinafter, referred as MAL-50) produced by an addition re- 
action of average 50 mols of ethylene oxide to methallyl alcohol; and a polyalkylene glycol (polyethylene glycol) as a 
by-product. The production amount ot the polyethylene glycol was 5.0 % of the unsaturated polyalkylene glycol ether 
monomer. 

(Production Examples 2 to 7) 

[0095] The addition reaction of the alkylene oxide to the unsaturated alcohol was carried out in the same way as of 
Production Example 1 except that the kind and amount of the unsaturated alcohol, the sodium hydroxide as the addition 
reaction catalyst, and the alkylene oxide were changed In the way as shown In Table 4. thus obtaining reaction products 
(M-2) to (M-7) which included: unsaturated polyalkylene glycol ether monomers and polyalkylene glycols. Incidentally, 
all the addition reactions of the alkylene oxide were carried out at 150 °C. When using two kinds of alkylene oxides, 
such as ethylene oxide and propylene oxide, the blocked adduct was obtained by carrying out an addition reaction of 
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tha entirety of the propylene oxido to the unsaturated alcohol (n the first place, and thereafter, carrying out an addition 
reaction of the ethylene oxide In the second place. The production amount of the side-produced polyethylene glycol 
to the unsaturated polyaikylene glycol ether mononner in the reaction product as obtained was listed in Table 4. 
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< Example l-4> 

[0096] A glass reactor with a thermometer, a stirrer, a dropping funnel, a nitrogen introducing tube, and a reflux 
condenser was charged with 279 parts of Ion-exchanged water. 420 parts of reaction product (M-1) obtained In Pro- 
duction Example 1 as an unsaturated polyalkylene glycol ether monomer (Including 400 parts of MAL-50 and 20 parts 
of polyethylene glycol), and then they were heated to 6S "C. Thereto, an aqueous hydrogen peroxide solution com- 
prising 0.734 parts of hydrogen peroxide and 13.94 parts of ion-exchanged water was added while the reactor was 
maintalnedat65*'C.Thetemperaturewas maintained at 65*Cfor 30 minutes aftertheaddltlonofthe aqueous hydrogen 
peroxide solution. Thereafter, 65.0 parts of acrylic acid as an unsaturated monocarboxy lie acid monomer was dropwise 
added to the reactor over a period of 3 hours. At the same time, an aqueous solution obtained by dissolving 0.950 
parts of L-ascorbic acid and 1 .71 8 parts of 3-mercaptopropionic acid in 18.05 parts of ion-exchanged water was drop- 
wise added thereto over a period of 3.5 hours. Then, the temperature was maintained at 65 for one hour, and 
thereafter the polymerization reaction was finished. Incidentally, the concentration of the polymerization components 
(the concentration (weight %> of the entirety of the comonomers to the entirety of raw materials) was 60 %. Thereafter, 
the resultant reaction solution was neutralized to pH 7 with an aqueous sodium hydroxide solution at not highertharl 
the polymerization temperature, thus obtaining cement dlspersant (1-4) according to the present invention. 
[0097] The reaction ratio (%) of each starting monomer and the analytical results of the copolymer Included In the 
resultant dlspersant (combination ratio forcopolymerization (%), amount of constitutional unit derived from unsaturated 
polyalkylene glycol ether monomer (mol %), amount of carboxyllc acid In terms of unneutralized copolymer (meq/g), 
weight-average molecular weight, content of unsaturated polyalkylene glycol ether monomer to copolymer having neu- 
tralized form (%). and content of polyalkylene glycol to copolymer having neutralized form {%)) are listed In Table 6. 

<Examples 1-6 to 1-9, Examples 2-1 to 2-7, Examples 3-4 to 3-6, and Examples 4-1 to 4-6> 

[G098] Cement dispersants (1-5) to (1-9). (2-1) to (2-7). (3-4) to (3-6). and (4-1) to (4-5) were obtained in the same 
way as of Example 1 -4. except for changing: the amount of the Ion-exchanged water Initially Introduced; the kind and 
amount of the unsaturated polyalkylene glycol ether monomer; the amount of the hydrogen peroxide and ion-exchanged 
water each In the aqueous hydrogen peroxide solution; the kind and amount of the unsaturated monocarboxyllc acid 
monomer; the kind and amount of the other monomer; the amount of the L-ascorbIc acid, 3-marcaptoproplonlc acid, 
and Ion-exchanged water for dissolving them; the concentration of the polymerization components (the concentration 
(weight %) of the entirety of the comonomers to the entirety of raw materials); and the polymerization reaction temper- 
ature (each temperature from after adding the Initially Introduced component to finishing the polymerization reaction) 
In the way as shown In Table 5. Incidentally, the other monomer was dropwise added together with the unsaturated 
monocarboxyllc acid monomer over a period of 3 hours. 

[0099] The reaction ratio (%) of each starting monomer and the analytical results of the copolymer Included in the 
resultant dlspersant are listed In Table 6. 

<Comparative Example 2-1 > 

[0100] A glass reactor with a thermometer, a stinger, a dropping funnel, a nitrogen Introducing tube, and a reflux 
condenser was charged with 1,110 parts of Ion-exchanged water, and then the water were heated to 65 **C. Thereto, 
an aqueous hydrogen peroxide solution comprising 0.839part3 of hydrogen peroxide and 15.94 parts of ion-exchanged 
water was added while the reactor was maintained at 65 "C. The temperature was nnaintained at 65 °C for 30 minutes 
after the addition of the aqueous hydrogen peroxide solution. Thereafter, 98.5 parts of methacrylic acid, and a mixture 
of 200 parts of unsaturated polyalkylene glycol ether monomer (not Including a polyalkylene glycol, and produced by 
an addition reaction of average 50 mols of ethylene oxide to methallyl alcohol) and 50.0 parts of Ion-exchanged water 
were dropwise added to the reactor over a period of 3 hours. At the same time, an aqueous solution obtained by 
dissolving 1 .086 parts of L-ascort3lc acid and 0.655 parts of 3-mercaptoproplonlc acid In 20.64 parts of Ion-exchanged 
water was dropwise added thereto over a period of 3.5 hours. Then, the temperature was maintained at 65 "C for one 
hour, and thereafter the polymerization reaction was finished. Incidentally, the concentration of the polymerization 
components (the concentration (weight %) of the entirety of the comonomers to the entirety of raw materials) was 20 
%. Thereafter, the resultant reaction solution was neutralized to pH 7 with an aqueous sodium hydroxide solution at 
not higher than the polymerization temperature, thus obtaining comparative cement dlspersant (C2-1). 
[0101] The reaction ratio (%) of each starting monomer and the analytical results of the copolymer Included In the 
resultant dlspersant are listed in Table 7. 
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<Comparative Example 2-2 and ComparatlvB Examples 4-1 to 4-2> 

[0102] Comparative cement dlapersants (C2-2), (C4-1 ), and (C4-2) were obtained in the same way as of Example 
1-4, except for using an unsaturated polyall^lene glycol ether monomer (not including a polyall<ylene glycol, produced 

s by an addition reaction of average 25 mols of ethyiene oxide and average 25 mols of propylene oxide to methallyl 
alcohoi, and hereinafter referred as MAL-25E025PO) In Comparative Example 2-2, an unsaturated poiyaii<ylene glycol 
ether monomer (not including a polyallcyiane glycol, produced by an addition reaction of average 25 mols of ethylene 
oxide to aliyi aicohoi, and hereinafter referred as AL-25) In Comparative Example 4-1 , and an unsaturated potyail<ylene 
glycol ether monomer (not including a polyailcylene glycol, produced by an addition reaction of average 20 mols of 

10 ethylene oxide and average 10 mols of propylene oxide to aliyI aicohoi, and hereinafter referred as AL-20E01 OPC) in 
Comparative Example 4-2, respectively as the unsaturated polyalkyiene glycol ether monomer, and except for chang- 
ing: the amount of the unsaturated poiyatlcylene glycol ether monomer; the amount of the ion-exchanged water initially 
introduced; the amount each in the aqueous hydrogen peroxide solution; the kind and amount of the unsaturated 
monocarboxyilc acid monomer; the kind and amount of the other monomer; the amount of the L-ascorbic acid, 3-m6r- 
captopropionic acid, and ion-exchanged water tor dissolving them; the concentration of the polymerization components 
(the concentration (weight %} of the entirety of thecomonomers to the entirety of raw materials); and the polymerization 
reaction temperature (each temperature from after adding the initially Introduced component to finishing the polymer- 
ization reaction) in the way as shown in Table 5. 

[0103] The reaction ratio (%) of each starting monomer and the analytical results of the copolymer Included in the 
20 resultant dispersant are listed In Table 7. 

^Comparative Example 4-3> 

[01O4] A glass reactor with a thermometer, a stirrer, a dropping funnel, a nitrogen introducing tube, and a reflux 
25 condenser was charged with 88.3 parts of ion-exchanged water« 166.6 parts unsaturated polyalkyiene glycol ether 
monomer (not Including a polyalkyiene glycol, and produced by an addition reaction of average 50 mols of ethyiene 
oxide to ailyl alcohol), and 1 3.4 parts of maleic acid, and then they were heated to 65 "C. Thereto, 1 ,7 parts of aqueous 
hydrogen peroxide solution of 30 % was added white the reactor was maintained at 65 ''C. Next, an aqueous solution 
obtained by dissolving 0.7 parts of U-ascorbic acid in 29.3 parts of ton-exchanged water was dropwise added thereto 
30 over a period of 3.5 hours. Then, the temperature was maintained at 65 *C for one hour, and thereafter the polymerl- 
zatk)n reaction was finished, incidentally, the concentration of the polymerization components (the concentration 
(weight %) of the entirety ot the comonomers to the entirety of raw materials) was 60 %. Thereafter, the resultant 
reaction solution was neutralized to plH 7 with an aqueous sodium hydroxide solution at not higher than the polymer- 
ization temperature, thus obtaining comparaHve cement dispersant (C4-3). 
35 [0105] The reaction ratio (%} of each starting monomer and the analytical results of the copolymer included In the 
resultant dispersant are listed In Table 7. 
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[0106] Incidentally, the following abbreviations were used In Tables 6 and 7. 

AO: Unsaturated polyalkylano glycol ether monomer 
AA: Acrylic acid 
MAA: Methacryllc add' 
HEA: 2-Hydroxyethylacrylate 
MA: Maleic acid 

(Concrete test) 

[01 071 A concrete composition was produced by using cement dlspersants (1 -4) to (1-9), (2-1 ) to (2-7). (3-4) to (3-6), 
and (4-1 ) to (4-5) according to the present Invention, and comparative cement dispersants (C2-1 ) to (C2-2), and (C4-1 j 
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to (C4-3} as obtained in the above way. and then measured by the slump flow value change with the passage of time, 
the air content, and tne kneading time. The results are listed In Table 8. 

[0108] The concrete composition was prepared in the following way. First, 645.3 Itg/m^ of fine aggregate (sand blend 
of land sand from Ol River System) was icneaded for 10 seconds with a forcible pan-type mixer in a capacity of 50 

5 liters, and thereafter 660 kg/m^ of cement (normal portand cement produced by Pacific cement Co., Ltd.) was added 
thereto and kneaded for 1 0 seconds. Then. 1 65 kg/m^ of tap water containing a cement dispersant was added thereto 
and kneaded for 90 seconds, wherein the amount of the cement dispersant was adjusted so that the initial stump flow 
value would be 600 ± 50 mm. However, when the composition took more than 60 seconds to become uniform, it was 
further kneaded for 30 seconds from the point time when it became uniform. Then, 941 .3 kg/m^ of coarse aggregate 

10 (crushed stone from Oume) was added thereto and kneaded for 90 seconds, thus obtaining a concrete composition. 
IncMantally, the air content was adjusted to 1 .0 ± 0,3 vol % by use of a commercial oxyalkylene based defoaming agent 
to avoid that bubbles in the concrete composition had an influence on the fluidity of the concrete composition. Inciden- 
tally, the ratio of water/cement was 0.25 (weight ratio), and ttie ratio of the tine aggregate (fine aggregate/(fine aggregate 
+ coarse aggregate)) was 0.403 (volume ratio). The amount of the used cement dispersant to the cement (the solid 

1^ content (nonvolatile content) In the cement dispersant to the cement, weight %) and the amount of the copolymer In 
the cement dispersant to the cement (weight %) are listed in Table 8. Incidentally, the solid content (nonvolatile content) 
in the cement dispersant was measured by heat-drying a proper amount of the cement dispersant at 130 •C, and 
removing the volatile content, and the dispersant was weighed so that the predetermined amount of the solid content 
(nonvolatile content) would be contained when combining with the cement, and then used. 

20 

1) The slump flow value change with the passage of time was measured according to JIS-A-11 01 . 

2) The air content was measured acconJIng to JIS-A-11 28. 

3) The necessary time for kneading from adding the tap water and the cement dispersant until adding the coarse 
aggregate was regarded as the kneading time when the concrete composition was prepared. 

25 

(Measurement of hardening time) 

[0109] Cement paste was prepared by use of the resultant cement dlspersants (1-4) to (1-9), (2-1 ) to (2-7), (3-4) to 
(3-6) and (4-1) to (4-5) according to the present invention and comparative cement dispersants (C2-1) to (C2-2) and 
30 (C4-1) to (C4-3) In the above way, and then the hardening time was measured by the following method. The results 
are shown in Table 8. 

[0110] Cement paste was prepared by kneading 1.500 g of nomnal portland cement (produced by Pacific Cement 
Co., Ltd.) and 375 g of ion-exchanged water containing the cement dispersant (the weight ratio of water/cement Is 
0.25) for 5 minutes at a middle speed by use of HOBART-type mortar mixer (made by HOBAFTT Corporation, N-50). 
35 irtcklentally, the amount of the used cement dispersant to the cement (the solid content (nonvolatile content) In the 
cement dispersant to the cement, weight %) was adjusted to the amount to obtain a slump flow value of 600 ± 50 mm 
in the above concrete test. 

[0111] The resultant cement paste was immediately added to a glass bottle in a capacity of 1 ,000 ml covered with 
a heat insulator, and a themncmeter connected to a temperature recorder was fixed In the center of the cement paste 
40 to nneasure temperature changes of the cement paste with the passage of time. The necessary time from the beginning 
of kneading until reaching the highest temperature due to heat of hardening the cement paste was regarded as the 
hardening time. The results are shown in Table 8. 
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[01 121 From Table 8, It would be apparent that the hardening time Is prolonged In case of using eveiy comparative 
cement dispersant because the necessary amount to obtain a sufficient slump flow value Is Increased. In addition, It 
would be apparent that the slump flow value change with the passage of time is enlarged, and the fluidity is extremely 
lowered when the kneading time Is short On the other hand, it would be apparent that: the kneading time Is prolonged 
when the slump flow value change with the passage of time is comparatively small. In opposition to this, it would be 
apparent that the necessary amount to obtain a sufficient slump flow value Is decreased, and the hardening time is 
short, and simultaneously, the slump flow value change with the passage of time is small, and the kneading time is 
short, In case of using every cement dispersant according to the present Invention. 

[0113] Various details of the invention may be changed without departing from its spirit not its scope. Furthermore, 
the foregoing description of the preferred embodiments according to the present invention is provided for the purpose 
of Illustration only, and not for the purpose of limiting tiie Invention as defined by the appended claims and their equiv- 
alents. 
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Claims 

1 . A cement dispersant, which comprises a copolymer Including: 

constitutional unit (M) derived from unsaturated (poly)ail<ylene glycol ether monomer (a1) as represented in 
general formula (1) below; and constitutional unit (11-1) derived from unsaturated monocarboxyilc acid mono- 
mer (b1) as represented in general formula (2) below, as an essential component, wherein constitutional unit 
(11-1} Includes at least one structure derived from an acrylic acid (salt), 

wherein general formula (1) Is: 

XO{R^O)„H (1) 

wiiere: X represents an alitenyl group having 4 carbon atoms; R'^O represents a mixture of one or more of an 
oxyalkylene group having 2 to 18 carbon atoms, and an oxyethyiene group accounts for not less than 90 mol % 
of the entirety of the oxyali^ylene groups; and n is an average addition number of moles and represents 1 to 300; and 
wherein general fomiuia (2) Is: 

I I 

C = C (2) 

I I 
R^ COOM 



where: R^, r3, and each independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovaJent metal, a divalent metal, an ammonium group, or an organic amine group. 

2. A cement dispersant. which comprises a copolymer Including: constitutional unit (1-1) derived from unsaturated 
(poiy)alkylene glycol ether monomer (a-1) as represented in general fonnula (1) below; and constitutional unit (ii- 
2) derived from unsaturated monocaitoxylic add monomer (b2) as represented In general formula (3) below, as 
an essential component, 

with the cement dispersant being characterized In that constitutional unit (il-2) Includes at least one structure 
derived from a methacryiic acid (salt), and that the mil II equivalent of carboxyl groups in the copolymer Is not 
more than 3.30 meq perl g of the copolymer when all the carboxyl groups are converted into their unneutralized 
form, 

wherein general fomiuia (1) is: 

XO(R^O)„H (1) 

where: X represents an ali<enyi group having 4 carbon atoms; R^O represents a mixture of one or more of an 
oxyail^yiene group having 2 to 1 B carbon atoms, and an oxyethyiene group accounts for not less than 90 moi 
% of the entirety of the oxyalkylene groups; and n is an average addition number of moles and represents 1 
to 300; and 

wherein general formula (3) is: 
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I I 

C = C (3) 

I I 
R^ COOM 

where: R2, and each Independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovalent metal, a divalent metal, an ammonium group, or an organic amine group. 

3. A cement dlspersant, according to claim 1 or 2, wherein constitutional unit (1-1) accounts for not more than 50 mol 
% or the entirety of the constitutional units. 

4. A cement dispersant, which confiprlses a copolymer Including: constitutional unit (1-2) derived from unsaturated 
polyalkylene glycol ether monomer {a2) as represented in general formula (4) below; and constitutional unit (11-1 ) 
derived from unsaturated monocairboxyllc add monomer (b1) as represented in general formula (2) below, as an 
essential component, wherein constitutional unit (11-1) accounts for not more than 50 weight % of the entirety of 
the constitutional units, and Includes at least one structure derived from an acrylic acid (salt), 

wherein general formula (4) Is: 

YO(R'o)^H (4) 

where: Y represents an alkenyl group having 2 or 3 cart»n atoms; R^O represents a mixture of one or more of an 
oxyaikylene group having 2 to 18 carbon atoms, and an oxyethylene group accounts for not less than 90 mol % 
of the entirety of the oxyaikylene groups; and m Is an average addition number of moles and represents 40 to 300; 
and 

wherein general formula (2) is: 



R* 
I I 

C = C (2) 

I i 
R^ COOM 

where: R2, r3^ and R^ each independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovalent metal, a divalent metal, an ammonium group, or an organic amine group. 

5. A cement dispersant, which comprises a copolymer including: constitutional unit (1-2) derived from unsaturated 
polyalkylene glycol ether monomer {a2) as represented in general formula (4) below; and constitutional unit (il-2) 
derived from unsaturated monocarboxyilc add monomer {b2) as represented in general formula (3) below, as an 
essential component, wherein constitutional unit (II-2) accounts for not more than 50 weight % of the entirety of 
the constitutional units, and includes at least one structure derived from a methacrytic acid (salt), 
wherein general formula (4) Is: 

YO(R^O)^H (4) 

where: Y represents an alkenyl group having 2 or 3 cart>on atoms; R^O represents a mixture of one or more of an 
oxyaikylene group having 2 tolB carbon atoms, and an oxyethylene group accounts for not less than 90 mol % 
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of the entirety of the oxyalkylene groups; arid m is an average addition number of moies and represents 40 to 300; 
and 

wherein generai formuia (3) is: 



I 1 

C = C (3) 

I I 
R^ COOM 

where: R^, and R"^ each Independently represent hydrogen or a methyl group; and M represents hydrogen, a 
monovalent metal, a divalent metal, an ammonium group, or an organic amine group. 

A cement dispersant according to any one of claims 1 to 5, which further comprises the unsaturated (poiy)alkyiene 
glycol ether monomer (a1] or the unsaturated poiyallcylene glycol ether monomer (a2) In the range of 1 to 100 
weight % of the copolymer. 

A cement dlsparsant according to any one of claims 2 to 6, which further comprises a polyalkylene glycol In the 
range of 1 to 50 weight % of the copolymer. 

A cement composition, which comprises the cement dispersant as recited in any one of claims 1 to 7, cement, and 
water as essential components. 
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